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Abstract
Additive manufacturing is defined as the process of joining materials to make objects
from 3D model data, as opposed to subtractive manufacturing methodologies. Additive
manufacturing positions are growing at an exponential rate, and the adoption of this disruptive
technology is projected to have a significant impact on corporate strategies and culture. The
purpose of this study was to identify the types of positions available in the additive
manufacturing field and the skills and educational background required. A mixed-methods
research design was employed. Two content analyses were conducted. The first was an
analysis of 286 position descriptions obtained from five job search engines. The second
analyzed the additive manufacturing education and training programs available. For the third
part of the study, a questionnaire was made available to 2,000 members of the Additive
Manufacturing Users Group and 1,000 attendees of a yearly conference on additive
manufacturing hosted by the Society of Manufacturing Engineers. Descriptive statistical tools
were used to analyze the data.
The results showed that additive manufacturing plays a very significant role in the
culture, business strategy, and organizational structure of companies. The data collected in
this study showed that those trained in the general category of manufacturing and tooling
were in the highest demand in the field of additive manufacturing. The specific position of
manufacturing engineer was in the highest demand within this field. The education required
was a bachelor’s degree in non-specific engineering, with one to five years of experience.
Results also showed what education and skills are lacking. For those individuals who are in
the materials concentration, an advanced degree is important. The most common skills
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required are those in applications specific to additive manufacturing, and hands-on experience
is also critical.
The results of the study may be used as a baseline in the development of curricula,
certifications, and/or training in additive manufacturing. Companies may also use the results
of the study in talent development, either in identifying hiring projections or training-needs
assessment and development. There is great potential for academia and industry to collaborate
in workforce development related to this technology. This study provides focus for these
efforts.
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Chapter 1: Introduction
Introduction
Additive manufacturing is the official industry standard term (ASTM F2792) for all
applications of the technology. It is defined as the process of joining materials to make objects
from 3D model data, usually layer upon layer, as opposed to subtractive manufacturing
methodologies. This study identifies the types of positions available in the field of additive
manufacturing/3D printing, the education and skills required for those positions, and the
educational programs, degrees, and/or certification that are currently offered in this new and
exciting field. The results of the study reveal the specific education required for positions in
additive manufacturing (AM) engineering, the future degree or certification that should be
made available, and what skills and/or training AM engineers are lacking. The study also
identifies most commonly used applications, which Society of Manufacturing Engineers terms
“use of AM Parts,” ;the primary skills required; and how many years of experience are
essential to be successful in this position. Furthermore, this study identifies the predominant
industries, the positions most in demand, the types of companies that use additive
manufacturing, and the geographic locations of the companies that offer careers in this new
and exciting field. The results of this study may be used to further develop new programs and
curriculum in the field of additive manufacturing.
Many organizations often seek ways in which to strategically use technology to
enhance their operational effectiveness and efficiency and to gain competitive advantage.
However, there is a paucity of engineering programs within universities and colleges that
offer comprehensive instruction on this topic. The absence of such programs represents an
opportunity for academic institutions to respond to a significant environmental need through

the development of a technology management program (Bellamy et al., 2004). This will
ensure that future students are prepared to enter this exciting, new, and growing field of
engineering.
Additive manufacturing/3D printing has been described as “a third industrial
revolution” (Markillie, April 2012). President Barack Obama mentioned the emerging field of
3D printing, stating that it “has the potential to revolutionize the way we make almost
everything” (Markillie, April 2012). He also mentioned that the additive manufacturing hub
the U.S. Government is helping to fund is located in Youngstown, Ohio. The National
Additive Manufacturing Innovation Institute will focus on 3D printing technology and is
planning to launch with $30 million in federal funding, matched by $40 million from
manufacturing firms, universities, community colleges, and nonprofit organizations. Additive
manufacturing is also cited as one of the leading emerging “disruptive technologies”
(Manyika et al., 2013). The number of job ads requiring workers with 3D Printing skills
increased 1,834% in 4 years and 103% from August 2013 to August 2014 (Wanted Analytics,
2016). The general consensus is that additive manufacturing will continue to grow and that it
will affect how objects, including human organs and meat for meals (Rowe, 2013), are
manufactured.
As defined, additive manufacturing (AM) refers to a process by which digital 3D
design data are used to build up a component in layers by depositing material. The term 3D
printing is increasingly used as a synonym for additive manufacturing. Objects that are
manufactured additively can be used anywhere throughout the product life cycle, from preproduction (i.e., rapid prototyping) to full-scale production (i.e., rapid manufacturing), in
addition to tooling applications and post-production customization (SME, 2014). 3D printing
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belongs to a class of techniques known as additive manufacturing. Additive processes build
objects layer by layer rather than through molding or subtractive techniques such as
machining. Today, 3D printing can create objects from a variety of materials, including
plastic, metal, ceramics, glass, paper, and even living cells. These materials can come in the
form of powders, filaments, liquids, or sheets. With some techniques, a single object can be
printed in multiple materials and colors, and a single print job can even produce
interconnected moving parts such as hinges, chain links, or mesh. Objects are formed one
layer at a time, each layer on top of the previous, until the final object is complete. With some
techniques this is accomplished by melting material and depositing it in layers, while other
techniques solidify material in each layer using lasers.
3D printing has several advantages over conventional construction methods. With 3D
printing, an idea can go directly from a file on a designer’s computer to a finished part or
product, potentially skipping many traditional manufacturing steps, including procuring
individual parts, creating parts using molds, machining to carve parts from blocks of material,
welding metal parts together, and assembling. 3D printing can also reduce the amount of
material wasted in manufacturing and create objects that are difficult or impossible to produce
with traditional techniques, including objects with complex internal structures that add
strength, reduce weight, or increase functionality. In metal manufacturing, for example, 3D
printing can create objects with an internal honeycomb structure, while bio-printing can create
organs with an internal network of blood vessels.
Falling costs and improvements in speed and performance will likely accelerate the
spread of 3D printing in the coming decade. The average industrial printer now sells for about
$75,000, and some machines cost more than $1 million. However, these costs are widely
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expected to decline rapidly in coming years as production volumes grow. Advances that could
dramatically improve the output speed and quality of 3D printers are also underway.
According to the US Department of Energy, 3D printing can also significantly reduce energy
and materials use compared to traditional manufacturing methods.
For better or worse, the 3D printing industry is poised to transform nearly every sector
of our lives and jumpstart the next industrial revolution. (Gilpin, 2014).
Statement of the Problem
There is little information available about the education and skill sets that are required
for positions in additive manufacturing. Furthermore, little is known about the types and
locations of companies hiring people to support these positions.
Nature and Significance of the Problem
3D printing is increasingly affecting multiple fields: manufacturing, medicine,
aerospace, architecture, and fashion. An infrastructure to support this emerging technology
must be developed. A key component of that infrastructure is trained staff who can develop
and operate this technology in multiple settings for various applications. Despite the economic
downturn, Next Gen Research and the Allied Business Intelligence, Inc., forecasted that threedimensional printing would grow to a $782.6 million market by 2013 (Casey, 2009). Most 3D
printing techniques have been available for nearly three decades. The older practitioners are
realizing that this industry is now becoming accessible to hobbyists, students, and amateur
developers (Bredt, 2012). Jon Bakland, the owner of one small job shop, has been purchasing
this equipment to stay current with the times. He had to train his present staff in the use of this
equipment and new processes, because there was no one he could hire with the specific
training or skill set necessary (Zelinski, 2013).
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The majority of the literature available in the area of additive manufacturing and 3D
printing describes what this technology is and what can be done with it (Glen, 2013). There
are few sources that provide information on skill sets required, specific job opportunities
available, and the educational requirements of these positions. Typically, the only accredited
programs are within general engineering bachelor’s degrees. The specific programs that
address additive manufacturing are offered as certifications and additional classes (Hung &
Leon, 2005). Most opportunities offered are through general engineering degrees only.
There is not much information available specifically in the area of additive
manufacturing and 3D printing in terms of education. The majority of the existing programs
are not offered through accredited universities but are available as certifications offered
through various engineering and manufacturing organizations. Training and development
opportunities are available at conferences specifically focused on additive manufacturing, and
companies that use this technology use these conferences as a vehicle to hire employees.
Many of these conferences also offer workshops and additional training on specific areas in
additive manufacturing. A few sources indicated that workforce development for
manufacturing needs to start early. One such program is called “FIRST,” where high school
students at Hardin Valley Academy in Knoxville, Tennessee, had a contest to build a robot.
According to Love (2013), “We need competition to excite the kids, access to new
technologies such as additive manufacturing, and help from experienced mentors. This
combination can ensure a solid foundation for the future of U.S. manufacturing”.
There is little research available on the types of positions needed, the education, and
the skills required for these positions. There are courses within programs that touch on this
area. To date, there are only certifications available specifically in additive manufacturing.
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For example, there is an Additive Manufacturing Certificate Program available through the
Society of Manufacturing Engineers. This certification program has a body of knowledge that
expands, in great detail, the rubrics required for the certification (Appendix A). This body of
knowledge will be used as part of the content analysis. The certification is also offered
through the National Additive Manufacturing Innovation Institute, but it is not a formal
degree.
With the increasing job opportunities in this field, it is worthwhile to explore the
education and skills required to successfully obtain these positions. It is also beneficial to
design a curriculum that specifically addresses the skills and education required to be an
additive manufacturing engineer. This will benefit the students as well as the universities.
Objective of the Research
The purpose of this study was to determine the positions available and the education
and skills required to be successful while working in this emerging field of additive
manufacturing. This study also sought to identify the most common types of companies that
require this expertise in their engineers and where these companies are located.
Research Questions (see Appendices B & E)
1. What types of engineering-related AM positions are in demand?
2. What education is required for these positions in additive manufacturing?
3. What are the skills required of primary career fields in additive manufacturing?
4. How many years of experience are required?
a) In additive manufacturing in general?
b) In the industry in which the AM engineer is employed?
5. What are the applications used? SME terms this “use of AM parts.”
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6. What types of organizations are hiring positions in additive manufacturing?
Types of companies: manufacturing, medical devices, aerospace, architecture,
fashion, and so on, by SIC Code.
7. What future degree or certification should be available?
8. Is there specific education or training in AM that people are lacking?
The result of this project is a comprehensive identification of the education and skills
required for careers in the rapidly expanding additive manufacturing technologies as well as
the types and locations of companies that are hiring engineers for these positions. This
research will provide the data needed to develop programs and curricula that will meet local
and global needs for additive manufacturing organizations and professionals. This technology
is used in a variety of industries including engineering, aerospace, architecture, medicine, and
fashion. For the purpose of this study, the researcher limited the subject matter to the current
practices of engineering professionals in manufacturing and production within the additive
manufacturing/3D printing technology, rather than future practices.
Limitations and Delimitations
This study is limited to additive manufacturing positions within the United States.
There may be positions outside the U.S. that are specific to additive manufacturing
professionals. There may also be positions in this field outside the U.S. with different skill
sets and/or educational requirements than those discovered during this research. With the field
expanding and growing so rapidly, positions, education, and training may have changed
dramatically during the time frame in which this research was conducted. This study was
limited to engineering positions because an initial review of a small percentage of the data
collected indicates most of the positions are engineering-related. This study was also limited
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to bachelor’s degrees because an initial review of a small percentage of the data collected
indicated that a vast majority of the positions required a bachelor’s degree; the remaining did
not specify formal education requirements. Based on this, the focus of this study will be on
bachelor’s degree programs.
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Chapter 2: Review of the Literature
Introduction
This chapter provides a review of relevant literature regarding the background of
additive manufacturing/3D printing and a content analysis of books on additive
manufacturing/3D Printing. The review also examines the availability of curriculum and
certifications in Additive Manufacturing/3D printing, as well as additive manufacturing/3D
printing as related to the concepts of disruptive technology, technology management,
technical determinism, structural functionalism, and open systems framework.
Review of the Literature
This review of literature critically analyzes the literature available in the field of
additive manufacturing/3D printing with respect to the skills and education required to be
successful in this field. It also reviews what, if any, available curriculum would support this
profession. The review discusses available information on disruptive technologies, technology
management, open systems frameworks, and structural functionalism. The review is divided
into five separate sections in order to clarify the areas of literature reviewed, and the outcomes
of each are identified and discussed in separate sections of this dissertation.
Additive Manufacturing/3D Printing
While not specific to additive manufacturing, there is an abundance of literature
regarding the need to develop technical skills in the U.S. workforce to remain competitive in
the world economy. The literature revealed that the demand for additive manufacturingrelated skills was low until June of 2012, when it began to rise. The demand for materials
engineers and manufacturing engineers, specifically, increased more than 50%. Three
Michigan cities—Detroit, Warren, and Livonia—are leading the nation in demand for
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positions related to additive manufacturing (Rowe, 2013). Despite a consistently high
unemployment rate of 8% to 10% from 2009–2012, as many as 600,000 manufacturing jobs
have gone unfilled due to a shortage of skilled workers (SME Center for Education, 2012).
The roots of this shortage are in the serious lack of workers educated in these fields. The
computer and related emerging technologies have been identified as “the core mechanism at
work in increasing demand for post-secondary education” (Carnevale, 2012). Additive
manufacturing has been identified as one of these emerging technologies (Bower, 1995).
Accordingly, institutions of higher education, similar to their private enterprise counterparts,
find themselves with the unfamiliar task of strategically competing for students. It is
imperative that universities understand the authenticity of this competitive environment and
the entropic forces that it produces. Similar to the private sector, universities must realize the
importance of developing programs and services that will not only sustain institutional
integrity but also lead to a competitive advantage (Bellamy et al., 2004). Traditional sources,
such as the Bureau of Labor, Statistics, are not helpful in identifying career information in
such emerging technologies. The government’s traditional approach to career pathways starts
with an industry-based perspective. According to Dr. Carnevale (2012), who is an
internationally recognized authority on education, training, and employment, “Today’s career
pathways are in occupations, not within industries”. For example, additive manufacturing
would likely be classified as a manufacturing career. However, those involved with 3D
printing of human organs would be employed in the health care industry.
Most of the literature available in the area of additive manufacturing and 3D printing
describes what this technology is and what can be done with it (Glen, 2013). There are not
many sources available that provide information on skill sets required, specific job
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opportunities available, or the educational requirements of these positions. There is scant
literature specifically in the area of additive manufacturing and 3D printing in terms of
education. Typically, these programs are general engineering bachelor’s degrees. Within the
curriculum there may be a course or two that specifically address additive manufacturing
skills. The specific programs that address additive manufacturing are more commonly offered
as certifications and additional classes (Hung & Leon, 2005). The majority of certification
programs are not offered through accredited universities but are available through various
engineering and manufacturing organizations. For example, the Society of Manufacturing
Engineers (2013) has a certificate in additive manufacturing with an identified body of
knowledge.
Many conferences organized by various 3D printing companies offer training and
development opportunities that are focused on additive manufacturing. Companies that use
this technology take advantage of these conferences to hire employees. Many of these
conferences also offer workshops and additional training on specific areas in additive
manufacturing. For example, there may be a workshop specifically focused on software,
programing, or a specific function within the additive manufacturing 3D printing process.
Additive manufacturing/3D printing is rapidly growing and will revolutionize industry
and society as a whole (Emerson, 2014). There is a need to identify specific positions within
the additive manufacturing engineering discipline and to determine the specific skill sets
needed in order to be successful in these positions. This study will serve as the basis for
determining the need for academic degrees in additive manufacturing and the specific content
of those degrees to meet the workforce demands for this rapidly growing discipline.
Companies will have a competitive advantage by hiring people skilled in additive
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manufacturing engineering. Universities that offer curriculum and education in this emerging
technology will also be at an advantage.
Disruptive Technology
The theory of disruptive innovation (disruptive technology) was first coined by
Harvard professor Clayton M. Christensen. The theory explains the phenomenon by which an
innovation transforms an existing market or sector by introducing simplicity, convenience,
accessibility, and affordability where complication and high cost are the status quo. Initially, a
disruptive innovation is formed in a niche market that may appear unattractive or
inconsequential to industry incumbents, but eventually the new product or idea completely
redefines the industry. A classic example is the personal computer. Prior to its introduction,
mainframes and minicomputers were the prevailing products in the computing industry. At a
minimum, they were priced around $200,000 and required engineering experience to operate.
Apple began selling its early computers in the late 1970s and early 1980s—but as a toy for
children. Within a few years, the smaller, more affordable personal computer became good
enough that it could do the work that previously required minicomputers. This created a huge
new market and ultimately eliminated the existing industry. It is important to remember that
disruption is a positive force (Christensen, 1997).
Disruptive technologies including additive manufacturing are advancing technologies
that change industries, and, in order to be successful, companies need to stay current with
these trends. One of the most consistent patterns in business is the failure of leading
companies to stay at the top of their industries when technologies change (Bower, 1995).
Goodyear and Firestone entered the radial-tire market quite late. Xerox let Canon create the
small-copier market. Bucyrus-Erie allowed Caterpillar and Deere to take over the mechanical
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excavator market. Sears gave way to Wal-Mart (Bower & Christensen, 1995). When
companies do not stay ahead of their industry, it has been said that “Innovations emerging
beneath the radar pack the potential to shake up the tried-and-true” and “Turn not a blind eye
to disruptive innovations when aiming for competitive advantage” (Van Horn, 2002). In
addition, it is important to define the strategic significance of a technology once it has been
determined that it is disruptive.
Additive manufacturing/3D printing was identified as one of 12 technologies that
could drive truly massive economic transformations and disruptions in the coming years
(Manyika et al., 2013). Three dimensional printing is listed as number 9 of the 12 most
disruptive technologies, with an estimated potential economic impact in 2025 of $1 trillion
annually. Three dimensional printing was listed as one of the top five most disruptive
technologies at the Consumer Electronics Show in 2013 (Downs, 2013). Use of 3D printing
could save consumers 35% to 60% in costs per printed product while enabling a high level of
customization (Manyika et al., 2013). The prices for a home 3D printer has dropped
significantly over the last 4 years, and revenue generated in additive manufacturing has
increased in the past 10 years (Wohlers Report, 2012).
Until now, 3D printing has largely been used by product designers and hobbyists and
for a few select manufacturing applications. However, the performance of additive
manufacturing machinery is improving, the range of materials is expanding, and prices (for
both printers and materials) are declining rapidly, bringing 3D printing to a point where it
could see rapid adoption by consumers and various manufacturers. With 3D printing, an idea
can go directly from a 3D design file to a finished part or product, potentially skipping many
traditional manufacturing steps. Importantly, 3D printing enables on-demand production,
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which has interesting implications for supply chains and for stocking spare parts—a major
cost for manufacturers. Three dimensional printing can also reduce the amount of material
wasted in manufacturing and create objects that are difficult or impossible to produce with
traditional techniques. In conclusion, additive manufacturing/3D printing is considered to be a
disruptive technology, which means it will disrupt the existing market place and displace its
current leaders.
Technology Management
Additive manufacturing/3D printing as defined is influential in the areas of technology
management. There is a lack of both common understanding and of the definition of
technology management within the academic community. Technology management is more
than just a conglomeration of courses. It has an identified body of knowledge that can be
operationally defined. Technology management reflects the need to identify and comprehend
radical changes that are occurring at historical, technological, and institutional levels of
analysis that few perceive with clarity (Bellamy et al., 2004). Technical management, in
contrast, is much more narrowly focused within its knowledge base. Its objective is to create
an understanding of management principles within a certain technical area such as
engineering or industrial technology (Bellamy et al., 2004). One goal of this study is to
determine what courses are required to fulfill the needs of the technical requirements of the
positions in additive manufacturing/3D printing as it pertains to technology management in
the industry. Another salient dimension of quality pertains to the importance of actively
interfacing with external organizations for determining their technology management needs.
This means that universities will have to take their product to the market, which challenges
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traditional expectations that the market will accept whatever universities produce (Bellamy et
al., 2004).
Technological Determinism
Technological determinism is defined as the interpretation of technology as the basis
of society in the past, present, and even the future. It has been said that certain technologies,
such as writing, print, television, or the computer, “changed society.” Technological
determinism is a phrase that describes how technology influences human evolution: how who
we are is determined by the tools we invent and use. A perfect example of technological
determinism is cell phones. Twenty years ago there were none; today they’re everywhere.
We’ve witnessed a few ways that they are influencing our evolution (Heidinger, 2011).
Because new technologies opened “spaces,” media theorist Marshall McLuhan thought that
technology was a “neutral” force of human evolution. It was, “objectively” considered,
neither good nor bad—for example, the same cell phone technology used to trigger car bombs
is also used to call an ambulance (Heidinger, 2011). In its most extreme form, the entire
society is seen as being determined by technology; new technologies transform society at
every level, including institutions, social interaction, and individuals. Additive
manufacturing/3D printing is one such technology. Technological determinism goes further
than simply saying that technology allows for social change or can bring it about: it positions
technology as the primary causal element in social change. For example, the printing press,
like the Internet and all the developments between the two, changed the form in which
information could be presented, which from a technological determinist view means it
resulted in changing the nature of information that was presented and the way information
was received (Keti, 2006). Additive manufacturing/3D printing has changed the way items are
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manufactured and produced in a large variety of industries and technologies. In the 1960s
McLuhan coined the slogan “The medium is the message,” which means that if it is the case
that we initially shape the tools we use, it is equally true that the tools shape our way of
perceiving, knowing, and ultimately all social interaction. In the instance of printing, mass
production puts a book in everyone’s hands, thereby encouraging private reading, raising
literacy levels, and participating in the emergence of individualism and democracy.
McLuhan’s slogan illustrates the principle of technological determinism, which asserts not
only the formative effects that technology exerts over modes of perception and social
interaction but also (and more contentiously) that technology has its own autonomy and
follows the unfolding evolution of its own material logic rather than being summoned into
existence by its creators. That is, technological innovation is more a matter of discovery than
invention (Sullivan, 2009). Technology governs only insofar as it is a part of economic
determinism (Skinner, 1997). Additive manufacturing/3D printing is, again, a new technology
that has become a true as a sphere of influence on shaping technology and its advances on
society as a whole.
Structural Functionalism
As defined, structural functionalism, or simply functionalism, is a framework for
building theory that sees society as a complex system whose parts work together to promote
solidarity and stability. Two theorists, Herbert Spencer and Robert Merton, were major
contributors to the promotion of this perspective. Important concepts in functionalism include
social structure, social functions, manifest functions, and latent functions, which are all
closely akin to structural functionalism (Skinner, 1976). Functionalism was a reigning
sociological paradigm during the mid-twentieth century, as exemplified by the work of
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Parsons (1951). Although not all functionalists were equilibrium theorists, functionalism did
imply at least an implicit systems analysis. Basic functionalism enabled the analysis of
part/whole relationships. The whole (the social system) would have certain needs, requisites,
survival requirements, equilibrium requirements, or other requirements that would be
generally expressed in terms of the “state” (such as a state of equilibrium or a state of
integration) of the system as a whole. The whole was composed of internally related
subsystems that were, either individually or in concert, fulfilling some survival function for
the whole (social system, or society). If the part, such as an educational institution, did not
fulfill its function adequately, then the system whole would falter at the very least, and in the
worst instance would fail to survive (Skinner, 1997). Thus, in the equilibrium approach to
functionalism, the function of the internal components was to ensure the maintenance of
social equilibrium, thus ensuring societal survival (Ritzer, 2005, p. 306).
Durkheim distinguished between nonmaterial and material social facts. All social facts
are external to and coercive over individuals (or, at least, should be treated that way).
Nonmaterial social facts (e.g., norms, values, social institutions) exist in the realm of ideas,
while material social facts have a real, material existence. One type of material social fact is a
social structure. Thus, social structures can be defined as real material social facts that are
external to and coercive over actors. Durkheim’s work played a key role in the development
of both structural functionalism and structuralism. As the name suggests, structural
functionalists were interested in the “functional” analysis of social structures. That is, they
were interested in analyzing the consequences of given social structures for other social
structures, as well as the larger society (Ritzer, 2005, p. 315).
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The American sociologists Talcott Parsons and later Robert Merton provided the most
extensive elaborations of the structural functionalist theory. Parsons developed a complex
theory in which he argued that social systems are regulated by four functional needs:
adaptation, goal attainment, integration, and latency. To survive, a social system must be
structured to ensure that these needs are adequately and efficiently met. Although, as a student
of Parsons, Merton shared many of the basic assumptions of structural functionalism, he was
also critical of its more extreme functionalist views. For example, in contrast to the
assumption that all elements in a social structure are functional for a society, Merton claimed
that certain social beliefs and practices could be dysfunctional or even nonfunctional. In
elaborating this concept of dysfunction, he drew on Durkheim’s famous concept of “anomie”
to argue that certain social structures can lead to deviant behaviors. Critics outside the
structural functionalist paradigm argued that structural functionalists tended to ignore agents
or to see them as being controlled by social structures. Thus, structural functionalism was an
extreme example of the tendency of some social theories to treat actors as what Harold
Garfinkel called “judgmental dopes” (Ritzer, 2005, p. 764). In reviewing this literature, the
researcher failed to find much in respect to tying additive manufacturing/3D printing directly
to structural functionalism. However, the concept can be explored and expanded as such to
reveal that additive manufacturing/3D printing can be considered influential in structural
functionalism.
Open Systems Framework
Open systems theory/open systems framework refers to the concept that organizations
are strongly influenced by their environment. The environment consists of other organizations
that exert various forces of an economic, political, or social nature. Open systems theory was
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developed after World War II in reaction to earlier theories of organizations, such as the
human relations perspective of Elton Mayo and the administrative theories of Henri Fayol,
which treated the organization largely as a self-contained entity. Although there is a great
variety in the perspectives provided by open systems theories, they share the perspective that
an organization’s survival is dependent upon its relationship with the environment (Bastedo,
2004).
The field of additive manufacturing/3D printing, therefore, can also be considered part
of an open systems framework in technology. This technology has greatly influenced the
environment of organizations. For example, as mass production has migrated to developing
countries, European and U.S. companies are forced to rapidly switch low-volume production
of more innovative, customized, and sustainable products with high added value. To compete
in this turbulent environment, manufacturers have sought new fabrication techniques to
provide the necessary tools to support the need for increased flexibility and enable economic
low-volume production. One such emerging technique is additive manufacturing (AM)/3D
printing. There is a need for existing and potential future additive manufacturing project
managers to have an implementation framework to guide their efforts in adopting this new
and potentially disruptive technology class to produce high-value products and generate new
business opportunities (Mellor, 2012). There is a version of open systems theory, developed
primarily by Fred Emery, called OST (E). Its primary purpose is to promote and create change
toward a world that is consciously designed by people and for people, living harmoniously
within their ecological systems, both physical and social. The best options are afforded by
changing technologies (Emery, 2000). Again, these organizational systems are designed by
the people themselves. Open systems framework, as applied to corporate structure, is
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apparent. Applied research on interdepartmental collaboration is extremely important in
today’s competitive business environment. Yet relatively little applied quantitative research
exists that examines interdepartmental collaboration on both the organizational and individual
levels (Sonesh-Kedar, 1994). The literature available on open systems framework is not
extensive with respect to manufacturing. It typically relates to computer and the IT world,
security, and certified systems frameworks. There have been a few articles written that discuss
additive manufacturing/3D printing as open systems framework in that it is within the
manufacturing framework.
Summary
In conclusion, this review critically analyzed the literature available on the field of
additive manufacturing/3D printing with respect to the skills and education required to be
successful in this field. It also reviewed what, if any, curriculum is available that would
support this profession. The review also researched available literature on disruptive
technologies, technology management, open systems frameworks, and structural
functionalism as related to additive manufacturing/3D printing. It was revealed that there isn’t
much available with respect to specific information on the skills and education requirements
for additive manufacturing/3D printing. Due to this fact, the research conducted in this study
fills the missing gap. This study begins to provide data as to what education and skills are
required in order to be successful in the field of additive manufacturing.

20

Chapter 3: Methodology and Research Design
Introduction
The focus of this chapter is to describe the research design and methodology used to
conduct this study. Descriptive research methods were used to analyze data gathered in two
content analyses and a survey. The first content analysis was done on position postings and
the second on education and training available; for the third, a survey was written based on
data from the content analysis and given to additive manufacturing (AM) professionals to
obtain current data about the field of additive manufacturing.
Descriptive Research Methodology and Content Analysis
Descriptive research methodology was used. The first two sections of the study were
content analysis of data. Content analysis is defined as a method of structuring and analyzing
written materials (Leedy & Ormrod, 2012). Leedy and Ormrod described it as follows: “A
content analysis is a detailed and systematic examination of a particular body of material for
the purpose of identifying patterns, themes, or biases” (p. 148). Content analysis is more of a
data reduction technique than an analytical one because it breaks down lengthy text material
into more manageable units of data, which is why this method was selected for this research
project.
The body of material for the first content analysis in this study was gathered from five
job search engines: Monster.com, Indeed.com, CareerBuilder.com, LinkedIn.com, and jobsearch-engine.com. The themes that were identified are classes of position, degree types,
skills required for each position, and software and applications commonly used in the field of
additive manufacturing. The preliminary data gathered from the position announcements was
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then used to conduct a content analysis of position, degree type, applications, skills, software,
and years of experience required to be successful in the additive manufacturing engineering
positions. The data also gathered information on the most common industries that are hiring,
as well as the most common positions.
The content analysis of postings was then analyzed, further using information from the
Society of Manufacturing Engineers (SME). The SME has been serving the manufacturing
industry as a nonprofit organization for more than 80 years. The body of knowledge from
SME (see Appendix A) has established rubrics that were used initially to classify the skills.
Then the skills in the body of knowledge were listed and sorted based on frequency. The
company demographics identified via their SIC Codes were also sorted and organized (see
Appendix B). The content analysis was reviewed and cross-checked by Dr. Fields,
dissertation chair, for content and validity.
The second content analysis was done on available education and training programs to
determine what is available for additive manufacturing engineers. Fifteen training and forcredit college courses were researched and reviewed.
The third part of the study also used descriptive research methodology to administer
and analyze a survey. The survey was developed from the data gathered from the content
analysis. The skills required to work in this field, which were gleaned from these data, were
the foundation of the survey questions. The survey questions also asked about the
demographics of the respondents, their companies, geographic locations, and education and
training required for the positions. The survey asked what type of AM position is most in
demand and what AM industry is most popular. The impact of the training content analysis
was to add research questions and separate open-ended survey questions that asked what
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education and training AM engineers were lacking and what future training would be
desirable. This provided a general idea of the types of training current AM positions require
within the survey respondent’s current organizations. The initial draft of the survey was
distributed to the dissertation committee to review for content and construct validity. This
resulted in adding a question that asked about the impact of AM on an organization’s culture
and systems. It also added identification of industries by SIC codes.
The survey was then reviewed by as a group of five content experts for content
validity. Four of the content experts are members of the board of directors of the Additive
Manufacturing Users Group (AMUG), and the fifth is the owner of a very successful
company that is a direct supplier of additive manufacturing and rapid prototyping parts. All
members have more than 20 years of experience in additive manufacturing and are proficient
in a variety of processes. In the content review, the researcher specifically asked if there were
skills or technologies that the researcher missed based on the content analysis. The review of
the survey questions resulted in a more detailed survey with questions relevant to the
technology use up to date with the current technology and trends. The review also expanded
the survey to inquire about specific AM programs that are used, as well as the effect of AM
on a company’s culture and processes. As a result of this review, the following revisions were
made to the survey. A broader spectrum of positions than initially listed was added, and a
subset of AM processes that listed the specific programs that are used was added under AM
applications. AM technologies that support AM processes as well as AM post-processes were
added to the survey questions. It was interesting to note that the information gleaned from
discussions with the content experts was a direct subset of the items on the SME Body of
Knowledge rubrics. The content experts were able to provide a current view of the industry as
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well add a future perspective. Also, additional current software brands commonly used in the
industry were added to the survey. An item regarding “benefits of AM” was also added to the
list of skills to be ranked. It was determined that additional questions were not required
regarding an introduction to AM, as these were previously included based on the content
analysis of positions. Likewise, questions related to technical skills and applications had
already been added to the survey based on the position’s content analysis.
Population, Sample, Subjects
The body of material that was used for the first part of this study (the content analysis)
was a variety of position announcements available via five career and job-posting search
engines. The population for the position content analysis comprised those in additive
manufacturing that require a bachelor’s or graduate degree in the United States. The position
announcement content analysis sample included 286 positions available from five commonly
used job search engines over a six-month period. The search engines used were Monster.com,
Indeed.com, CareerBuilder.com, LinkedIn.com, and job-search-engine.com. The initial
classifications of positions were design, materials and technology, process engineering,
software, robotics, research, sales, business, and quality systems. These classifications were
expanded or collapsed based on the number of positions identified in each. Based on research
conducted during a six-month period, 286 position announcements were identified.
Duplication among the position postings from the various job sites was avoided as each
position is recorded in detail, numbered, dated, and cross-checked between search engines. Of
the 286 positions, 60 positions were for operator positions or 2D printing positions, and these
were eliminated from the study database. The total sample used for the content analysis
portion of the study is therefore 226. Of these 226 positions, 190 were engineering positions

24

of various levels—senior engineer, junior engineer, and project engineers. Thirty-six were for
design engineers. The preliminary data were collected from January 2014 to June 2014.
The second content analysis that was conducted was of available training and
education in additive manufacturing engineering. The body of material used for this analysis
was obtained from 15 training and for-credit college courses from ASM International, Society
of Manufacturing Engineers (SME), Massachusetts Institute of Technology (MIT), Laser
Institute of America (LIA), National Additive Manufacturing Innovation Institute (NAMII),
and Inside 3D Printing conference. The courses and programs included ranged from 1 hour to
a full semester in length, for credit and not for credit, and classroom versus hands-on training.
For the third part of the study, descriptive research design was also used in the form of
survey analysis. As defined, survey research involves acquiring information about a group of
people by asking them questions and tabulating their answers. The ultimate goal is to learn
about a large population by surveying a sample of that population (Leedy & Ormrod, 2010).
The sample that was used for the third part of this study—the survey—was conducted via the
commercial online survey software called Survey Monkey. Conducting a survey online has
several advantages (Leedy & Omrod, 2010): ease of assessing the survey, the ability of
participants to complete it at any time, no postage requirement, and privacy and security.
Conducting a survey online is far more effective than a mailed questionnaire. Every question
is consistent, and there is no bias that could result in a face-to-face survey. Furthermore, there
has been evidence that online surveys yield data comparable to those obtained through faceto-face contact (Gosling, Vazire, Srivastava, & John, 2004). The survey was made available
to members of the Additive Manufacturing Users Group (AMUG) and Society of
Manufacturing Engineers (SME) Additive Manufacturing subgroup called RAPID. The
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RAPID group holds an annual conference offering diverse presentations addressing
applications in additive manufacturing, 3D printing, and 3D scanning. Members are leaders
and thinkers in this exciting industry. By seeking the perceptions of these diverse groups, the
researcher sought to acquire a variety of perspectives as to the requirements for additive
manufacturing engineers to be successful in their positions. The survey questions were
gleaned from the data gathered in the first part of the study: the content analysis that provided
identification of skill sets required for the positions listed in the job postings and the content
analysis of additive manufacturing training programs. The survey was then revised after
context and content review. The sample size that resulted from the survey was 43 participants.
The surveys were collected via Survey Monkey software.
The surveys next were submitted to Eastern Michigan University Human Subjects
Review Committee for final review and approval. Then the surveys were given to a pilot
group of seven AM professionals who are on the Board of Directors of the AMUG, asking for
feedback with respect to the clarity, content, and ease of understanding the survey. In order to
obtain approval to send the surveys to the members, the researcher contacted the committee
chairpersons for each group, initially requesting lists of email addresses for each member.
Confidentiality restrictions did not permit release of email addresses, but AMUG and RAPID
Groups agreed to post an invitation to take the survey on their respective websites and
LinkedIn pages. Finally, the confidential surveys were made available to approximately 2,000
Additive Manufacturing Users Group (AMUG) and Society of Manufacturing Engineers
(SME) RAPID members via their websites and LinkedIn pages.
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Data Collection and Analysis
Descriptive research methodology was conducted on all data from both content
analysis and the survey. All of the information gathered from the content analysis and the
survey was meaningful in identification of the exact skills and education required for the
specific positions in the field of additive manufacturing.
The content analysis of the positions was sorted by type of job classification. One
crucial step in a content analysis is to tabulate the frequency of each characteristic via data
analysis (Leedy & Ormrod, 2010). The frequency of each characteristic was tabulated and
rank-ordered according to demand. Each position was then analyzed by frequency of skill
requirements listed and categorized by type of skill, type of degree, and level of experience
required. The data were also sorted by SIC codes to group the type of company requiring that
these positions be filled. The company data were further broken down into their geographic
locations within the US, sorted by state, and then grouped in specific regions of the country
where these positions are more prevalent within the manufacturing engineering field.
Company demographics were collected and sorted as well: company name, location,
type of company by SIC code, posting date, position, skills and education required, level of
knowledge in AM, and years of experience. The SIC codes were grouped by type of
company, geographic location, and size. For this study, the researcher focused on companies
that use additive manufacturing/3D printing technologies. The posting date was used to assist
in crosschecking the posting, in order to eliminate duplication in the data.
The resulting information revealed what the most common skill sets are and what
specific education and training are required to be successful in this field. The information also
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provided data as to the most common positions and companies that are hiring additive
manufacturing engineers.
The data of the content analysis was organized and analyzed in order to gather
meaningful information about what education and training are currently available in the field.
The data were sorted into four categories of general information: overview/introduction to
AM, economics and business of AM, technical skills, and required applications. The courses
were further sorted into length, type, accredited/non accredited, and hands-on versus
classroom. This information was very revealing as to what education and training are
available, what are lacking, and what are important to be successful in the field of additive
manufacturing.
The third part of the study was the analysis of data collected via an email survey that
was distributed to a number of additive manufacturing engineers who are members of the
Additive Manufacturing Users Group (AMUG) and Society of Manufacturing Engineers
(SME) RAPID Group. The survey data were also analyzed via the descriptive statistics
method to obtain meaningful insights into the field of additive manufacturing. The
information gathered from the first two parts of this study, the content analysis, were also
used to develop the survey questions that were asked in the third part of this study. The survey
was conducted via Survey Monkey software, and the participants’ information was kept
completely confidential. Subjects were asked to rank-order the importance of the various
skills identified through the content analysis. The interpretation of the data resulted in further
identification of the primary skill sets and educational requirements of various positions in
additive manufacturing/3D printing. The survey respondents, who are members of AMUG
and RAPID, were asked to rank the order of importance of various skills, educational
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requirements, training, and background experience that help them to do this job effectively, as
well as what software is essential to their position. There were 43 responses to the survey. The
sample size is smaller than the researcher had hoped; this may be due to the fact that the
survey was posted on websites and LinkedIn pages as opposed to directly emailed to
participants. It’s possible that many members do not frequently visit these website pages or,
perhaps upon visiting the site, the participants overlooked the survey. Initially the researcher
had hoped to email the surveys directly to individuals, but due to confidentiality restrictions
the survey was made available on the respective websites. Typically, many people are simply
not willing to take the time to participate in a survey. In virtually any online study, it can be
difficult to get people to participate. After all, participants are limited to people who a) are
comfortable with computers, b) spend a fair amount of time on the Internet, c) enjoy partaking
in research studies, and d) have been sufficiently enticed by the research topic to participate
(Gosling et al., 2004). The general demographics of the survey participants were people who
are in the field of additive manufacturing, the majority of whom are in the manufacturing
industry; have a bachelor’s degree, more than 11 years’ experience in the field, and more than
20 years in industry; are presently working, residing in the United States, primarily the
Midwest, Texas and California; and are members of either the Additive Manufacturing Users
Group (AMUG) or the Society of Manufacturing Engineers (SME) sub-group RAPID.
Descriptive statistics were performed on the central tendency of each response and
tabulated the skills, education, and any other specific background experience to determine the
level of importance to success in the position. The majority of the questions were written with
a five-point scale for the range of responses. The remaining questions on the survey were
written in an open-ended format. These data are displayed in pie and bar charts in the survey
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results section of this dissertation. The survey was divided into two sections: the first part
gathered the demographic data of the survey respondents, and the second part gathered
participants’ opinions of what is required to be successful in the AM industry. The survey
participants’ input provided an understanding of the type of industry, level of experience, and
level of education required, and it provided information on current trends as to what has been
desired in the AM field in order to be successful. The second part of the survey asked for the
survey respondents’ opinions about the skills, education, and training they believe are
required to be successful in the field. Questions about applications, software, education, and
what they believe is currently lacking in the field provided well-rounded data as to what it
takes to be successful in additive manufacturing. Inferences were drawn about this population
based on the data, as well as what it takes to be successful, for a future population. By
surveying the diverse cross-section of additive manufacturing engineers, the researcher was
also able to glean information on specific software and technology that are currently in
demand in this industry, as well as future trends. Surveying people in the field rounded out the
data gathered from the position announcements and available education and training.
Human Subjects Approval
The researcher completed the required online training module sponsored by
Collaborative Institutional Training Initiative (CITI) and then applied to the University
Human Subjects Review Committee for approval of the proposed research project by using
IRBNet in accordance with the procedures outlined on the Office of Research Development’s
Research Compliance website:
http://www.emich.edu/ord/compliance/compliance_subdir/human.html.
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The content analyses were conducted on pre-existing data that were publically
available, so they are considered exempt from human subjects’ approval (see Appendix C).
The survey was reviewed and approved as exempt from human subjects’ approval on
September 8, 2015. Modifications were made to the group of survey recipients, and the survey
was again reviewed and approved as exempt by the human subjects committee on December
16, 2015 (see Appendix C).
Personnel
This study was coordinated by the researcher, who was responsible for the majority of
the tasks. The academic advisor and dissertation committee were involved to guide the
process. The members of AMUG and RAPID who participated in the survey were also
personnel in this study.
Resources
Resources required were limited to the researchers’ time, access to prior data from the
online courses and position postings, a computer, computer software, statistical analysis tools,
a printer, word processing programs such as Microsoft Word, basic office supplies, the
dissertation committee’s time, and survey participants’ time.
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Budget
Access and analysis career websites and available curriculum……… time
Photocopy expenses………………………………………………… $75.00
Telephone expenses………………………………………………...$200.00
Office supplies, paper, and printing expenses……………………...$273.00
Survey Monkey…………………………………………………… $330.00
Professional Editor…………………………………………………$1035.00
Total cost estimate…………. $1913.00 + time
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Chapter 4: Data Presentation and Analysis
Introduction
This chapter provides an overview and results of the data collected with the two
content analyses and the survey, and it relates these data to the eight research questions posed
in Chapter 1.
The content analyses consist of a content analysis of job postings and a content
analysis of education and training. The content analysis of postings was further broken down
into content analysis of position, degree type (undergraduate, masters’, doctorate), skills
(software, processes, and general knowledge), applications, years of experience, and
industries. The content analysis of education and training was further broken down into basic
information on AM, economics and business of AM, technical skills, and applications.
This chapter also provides an overview and the results of the survey. The survey was given to
members of AMUG and RAPID associations. It provided demographic data on the
respondents as well as their opinions regarding the importance of skills, education, and other
aspects of the requirements of additive manufacturing engineers to be successful in their jobs.
The data are presented as they relate to and answer the eight research questions posed in
Chapter 1.
Research Questions
The results of the content analysis of postings, content analysis of education and
training, and the survey were used to answer the research questions. The results are displayed
below as they relate to each of the eight research questions identified in Chapter 1.
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Research Question 1: “What types of engineering-related additive manufacturing
positions are in demand?” The content analysis of postings data and the data gathered from
the answers to survey question 11 (“How strong is the demand for the following types of AM
positions?”) were used to answer Research Question 1. The demographic data of the positions
that the survey participants are in also provided some insights into why they answered this
question the way they did.
The content analysis of the postings positions section addresses this first research
question. The positions were combined into general categories and broken out into percentage
of postings listed within each category. Those categories of positions were
manufacturing/tooling at 32%, materials at 17%, computer/electronics at 16%, customer
liaison at 16%, design at 13%, technician at 2%, research at 3%, and management at 1% (see
Figure 1). Each category grouping contained the following position titles, with the respective
percentage of the positions within that grouping listed. Each of the general categories was
further analyzed to determine the distribution of position postings in each. The grouping
manufacturing/tooling was further broken down into manufacturing engineer at 51%, process
development engineer at 21%, print and mold design engineer at 18%, and tooling engineer at
10%. The general category of materials was made up of 100% material development engineer
positions. The general category of computer/electronics was composed of 3D print engineer at
50%, solid works designer at 16%, software engineer at 15%, and electrical engineer at 13%.
The general grouping of customer liaison was composed of project engineer at 19%,
applications engineer at 27%, field service engineer at 22%, and systems engineer at 32%.
The general category of design was made up of design engineer at 71%, AM modeling
engineer at 17%, and mechanical engineer at 12%. The technician category was made up of
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technical specialist at 24%, 3D technician at 21%, and AM specialist at 53%. The
management grouping positions were engineering manager at 22%, production manager at
13%, and AM manager at 65%. Research was the final category, and all positions listed were
advanced researcher (see Table 1).
The position announcement content analysis revealed that the vast majority of position
categories were grouped in manufacturing and related tooling at 29%. It is interesting to note
that while the computer/electronics raw score was higher than materials, the materials position
was weighted more heavily as important in this field. This was followed by nearly equal
distributions of groups in materials at 19%, computer/electronics at 17%, customer liaison at
15%, and design position categories at 11%. Other categories were technician at 4%,
management at 2%, and research at 3% (see Figure 2). Most of the preceding positions within
the categories included titles of “engineer.” A significant drop-off followed in the number of
positions categorized as technician, management, and research. It is possible that the content
analysis of the need for various positions may be a better indication of need than the survey,
as these were actual position openings as opposed to perceived need of positions by survey
participants. The content analysis of positions did provide categories for development of a
survey question. For this purpose, manufacturing/tooling and computer/electronics were
placed in separate categories in the survey. The technician and management categories were
not used in the survey, as they are not engineering positions. A category was retained in the
survey for research engineer. The data may be further analyzed during later studies to indicate
the relationship between positions and degree requirements. For example, those indicating
that there is an exceptional demand for research engineers could be sorted to determine the
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type and level of degree and skills that would be required. However, this analysis is beyond
the scope of this study.

Content Analysis Position
Technician
2%

Management
Research
1%
3%

Design
13%

Manufacturing/Tooling
32%

Customer Liason
16%

Computer/Electronics
17%
Materials
16%

Figure 1. Postings for positions within the field of AM engineering.
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Table 1
Content Analysis of Postings---Positions in the Field of AM
Raw Categories

Manufacturing Engineer-29
Process Development
Engineer – 22
Print & Mold Design
Engineer – 6
Tooling Engineer – 4
3D Print Engineer – 12
Solid Works Designer – 7
Software Engineer – 7
Electrical Engineer – 7
Material Development
Engineer – 31
Project Engineer – 12
Applications Engineer – 9
Field Service Engineer – 6
Systems Engineer – 4
Design Engineer – 17
Mechanical Engineer – 3
AM Modeling Engineer – 4
Technical Specialist – 5
3D Technician – 4
AM Specialist – 10
Engineering Manager – 5
Production Manager – 3
AM Manager – 15
Advanced Researcher – 4

Weight
(average for
ea. Position)
4.4

Combined Categories

Avg.
wt.

#

Weighted
total.

Manufacturing/Tooling 3.875

61 236

Computer/Electronics

4.125

33 136

Materials

4.9

31 152

Customer Liaison

3.95

31 123

Design

3.8

24 92

Technician

3.5

9

32

Management

2

8

16

Research

5

4

20

1.8
5
4.3
5
4.5
4
3
4.9
3
4.3
3.5
5
3.7
4.3
3.5
1
5
4.5
1
1
4.5
5
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Content Analysis Position/Weighted Avg.
Management
2%
Technician
4%

Research
3%

Design
11%

Manufacturing/Tooling
29%

Customer Liason
15%

Computer/Electronics
17%

Materials
19%

Figure 2. Weighted average analysis of position postings in AM engineering.
Survey Question 11—“How strong is the demand for the following types of additive
manufacturing positions?”—also provided some insight into answering the first research
question. The survey participants rated the demand for each position on a 5- point scale, five
being highest in demand and one being low demand. The demand for the various types of
additive manufacturing-related engineering positions was as follows: The most heavily
weighted positions were materials engineer at 4.07, next was design engineer at 4.0, followed
by research engineer at 3.97, manufacturing engineer at 3.81, and tooling engineer at 3.58.
The positions that were rated the lowest in importance were customer liaison engineer at 2.90,
computer engineer at 2.77, and electronics engineer at 2.55. Materials engineer was rated as
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exceptional at 36.67% and as above average at 40%; design engineer was rated as exceptional
at 33.33% and as above average at 46.67%. Research engineer was rated as exceptional at
26.67% and as above average at 53.33%. Manufacturing engineer was rated as exceptional at
22.58% and as above average at 48.39%. Tooling engineer was rated as above average at
12.9% and as average at 45.16%. Customer liaison engineer was rated highest, as above
average at 23.33% and as average at 36.67%. Computer engineer was rated as average at
32.26% and as few at 29.03%. Electronics engineer was rated as average and as few at
38.71%. Electronics engineer was the least heavily weighted out of all of the positions listed
(see Table 2). Figure 3 displays the results of survey question 11 asking how strong the survey
participants feel the demand is for specific AM engineering positions.
Table 2
Responses to Survey Question 11
None
Manufacturing
Engineer

Few Average

3.23% 6.45% 19.35% 48.39%
1
2
6
15

3.81

31

3.58

31

2.77

0.00%
0

31

2.55

36.67%
11

30

4.07

13.33% 20.00% 36.67% 23.33%
4
6
11
7

6.67%
2

30

2.90

0.00% 13.33% 6.67% 46.67%
0
4
2
14
0.00% 10.00% 10.00% 53.33%

33.33%
10
26.67%

30

4.00

45.16%
14
19.35%
6

9.68% 38.71% 38.71% 12.90%
3
12
12
4

0.00% 6.67% 16.67% 40.00%
Materials Engineer 0
2
5
12
Customer Liaison
Engineer
Design Engineer

22.58%
7

Weighted
Average

31

0.00% 12.90% 29.03%
4
9
Tooling Engineer 0
12.90% 29.03% 32.26%
Computer Engineer 4
9
10
Electronics
Engineer

Above
Exceptional Total
Average

12.90%
4
6.45%
2
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None
Research Engineer 0

Few Average
3

3

Above
Weighted
Exceptional Total
Average
Average
16
8
30
3.97

Figure 3. Responses to Survey Question 11.
The demographic data of the survey participants showed that 42% held an engineering
position. The responses were grouped into engineering in general, but they included industrial
engineers, additive engineers, mechanical engineers, design engineers, and applications
engineers. Twenty-seven percent of the participants were either CEO, president, or owners of
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the organizations. Nine percent were in research or sales, 7% were in education, and 6% were
in production (see Figure 4).

Positions of Survey Participants

Education
7%
Production
6%
Sales
9%
Engineer
42%
Research
9%

CEO, Owner,
President
27%

Engineer

CEO, Owner, President

Research

Sales

Production

Education

Figure 4. Specific positions of the survey participants within the field of AM engineering.
Research Question 2: “What education is required for these positions in additive
manufacturing?” The results of the content analysis of postings/degree type, Survey
Question 12 (“How important is the level of education for the additive manufacturing
engineers?”), Survey Question 13 (“How relevant are the following degree types to an AM
position?”), and Survey Question 2 (“What is your current level of education?”) all provide
information to answer Research Question Two. The data gathered from these results are
displayed next.
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The content analysis of postings/degrees was interesting in that 76% required an
undergraduate degree, 14% required a master’s degree, and 10% required a doctoral degree to
qualify for the various positions (see Figure 5). The position content analysis of types of
degree required was interesting in that the largest group, by far, was a general/non-specific
type of engineering degree at 47%. This was followed by smaller groups of specific degrees:
materials at 20%, mechanical at 16%, and design at 9%. Finally, small groups in specific
areas, such as architecture, aerospace, welding, and manufacturing, were all identified at 2%
of the positions. Table 3 illustrates the results of the content analysis of degree type broken
out into degree type as well as level. (See Table 3). Also of interest was the fact that many of
the positions listed simply “bachelor’s degree” as opposed to a BS or BSE or, less
specifically, a bachelor’s degree in engineering (see Figure 6). This affected the survey
development in that it was found to be necessary to identify specific skills in math, science,
and other areas-in addition to types of degrees and skills identified in the SME AM Certificate
Body of Knowledge. A small number of the positions studied required a master’s degree. Of
those that did, a general graduate degree was listed most often at 43%, followed by materials
science degree at 42%, and a graduate degree in mechanical engineering at 15% (see Figure
7). A small number of positions required a Ph.D. The concentration was either in general
engineering (25%) or materials (75%; see Figure 8). It was decided that the survey would
contain a question rating the importance of various degree levels as well as types of degrees.
The data may be further analyzed during subsequent studies to indicate the relationship
between type and level of degree. For example, those indicating that a graduate degree was
highly desired could be sorted to determine the type of degree. However, this analysis is
beyond the scope of this study.
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Degrees

Doctorate
10%

Master's
14%

Undergraduate
76%

Figure 5. Degrees required for the positions listed in the postings.
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Table 3
Content Analysis of Degree Type
Undergraduate Degree Raw
Categories
BS Engineering: 44
Bachelor’s Degree: 40
BS Materials Science: 13
BS Chemical Engineering 15
BS Chemistry 7
BS Mechanical Engineering: 29
BA Design 5
BA Industrial Design 3
Associate Degree in CAD 9
BA Architecture 4
BS Aerospace 3
BS Welding 3
BS Manufacturing 3

Combined Categories

#

General/non- specific

84

Materials

35

Mechanical
Design

29
17

Architecture
Aerospace
Welding
Manufacturing

4
3
3
3

Master’s Degree Raw Categories
MS Engineering Technology 9
MS Engineering 5
MS Chemistry 5
MS Materials Science 5
MS polymers 4
MS Mechanical Engineer 5
Ph.D., Raw Categories
Ph.D., Materials Science 10
Ph.D., Metallurgy 5
Ph.D., Polymers 3
Ph.D., Engineering 5
Ph.D., Topic related to AM 1

Combined Categories
General/non-specific

#
14

Materials

14

Mechanical
Combined Categories
Materials

5
#
18

General/non-specific

6

44

Content Analysis Degree Type---Undergraduate
Architecture
2%

Aerospace Welding
2%
2%

Manufacturing
2%

Design
9%

Engineering General
47%

Mechanical
16%

Materials
20%

Figure 6. Undergraduate degree concentrations required in the position postings.
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Content Analysis Degree Type---Master's

Mechanical
15%

Engineering General
43%

Materials
42%

Figure 7. Master’s Degree concentrations required in the position postings.
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Content Analysis Degree Type---Doctorate

Engineering General
25%

Materials
75%

Figure 8. Doctoral degree concentrations required in the position postings.
The summary of the answers to Survey Question 12 (“How important is the level of
education for the additive manufacturing engineers?”) was as follows: high school/GED
critical at 53.33%, associate 2-year degree somewhat important at 36.67%, apprenticeship
somewhat important at 43.33%, certified AM courses somewhat important at 50%, AM
training critical and somewhat important at 40%, AM certifications somewhat important at
40%, bachelor’s degree critical and somewhat important at 36.67%, master’s degree
somewhat important at 30%, and doctoral degree neutral at 26.67% (see Table 4). The
weighted averages reflect that credited additive manufacturing courses are the most important
education that a person should have (4.10), followed by a bachelor’s degree (4.03) and
noncredit AM training (4.0). These were followed by high school education (3.97). It is
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interesting to note, however, that you have to have graduated from high school in order to
obtain a bachelor’s degree, so these two categories could technically be combined. AM
certifications was ranked at 3.67, associate’s degree at 3.67, apprentice at 3.47, master’s
degree at 3.07, and doctoral degree at 2.83. All education highest percentage was either
critical or somewhat important, illustrating the value of education in the field of AM. One
person commented, “That depends on the aim of future development.”
Table 4
Responses to Survey Question 12
Not
Limited
Somewhat
Weighted
Neutral
Critical Total
Important Importance
Important
Average
High School /
GED

13.33%
4

10.00% 16.67%
3
5

53.33%
16
30

3.97

3.33%
1

16.67% 36.67%
5
11

30.00%
9
30

3.67

10.00%
3

13.33% 43.33%
4
13

20.00%
6
30

3.47

6.67%
2

0.00%
0

6.67% 50.00%
2
15

36.67%
11
30

4.10

6.67%
2

6.67%
2

6.67% 40.00%
2
12

40.00%
12
30

4.00

3.33%
1

13.33%
4

20.00% 40.00%
6
12

23.33%
7
30

3.67

0.00%
0

6.67%
2

20.00% 36.67%
6
11

36.67%
11
30

4.03

16.67%
5
20.00%
6

30.00%
9
26.67%
8

10.00%
3
30
10.00%
3
30

6.67%
2

13.33%
Associate 2-year
4
degree
13.33%
Apprenticeship 4
AM Courses
(Credit)
AM Training
(Non Credit)
AM
Certifications
Bachelor’s
Degree

13.33%
Master’s Degree 4
20.00%
Doctoral Degree 6

30.00%
9
23.33%
7

3.07
2.83
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The results of the responses to Survey Question 13 (“How relevant are certain degree
types to an AM engineering position?”) are as follows and are shown in Table 5: Mechanical
engineering was critical at 48.38%, somewhat important at 45.16%, and neutral at 6.45%.
Weighted average was highest in mechanical engineering at 4.42. The next highest weighted
average was material sciences at 4.29. Materials science was rated critical at 48.39%,
somewhat important at 32.26%, and neutral at 19.35%. Mechanical engineering technology
was the third highest in weight at 4.13. It was rated critical at 30%, somewhat important at
53.33%, and neutral at 16.67%. Manufacturing was next in weighted average at 3.97. It was
rated critical at 19.35%, somewhat important at 64.52%, and neutral at 12.9% with 3.23%
feeling it’s not at all important to have a manufacturing degree. Design was next highest in
weighted average at 3.90. It was rated critical at 35.48%, somewhat important at 32.26%, and
neutral at 25.81%, and 6.45% thought it wasn’t important to have a design degree.
Manufacturing engineering technology was weighted at 3.87 in order of weighted importance.
Nineteen percent thought it was critical to have a degree in manufacturing engineering
technology, 51.61% thought it was somewhat important, 25.81% said neutral, and 3.23%
thought it had limited importance. Aerospace is 3.83 in weighted average importance. Twenty
percent of respondents thought it was critical to have an aerospace degree, 50% thought it was
somewhat important, 23.33% thought it was neutral in importance, and 6.67% felt it was of
limited importance. It is important to note that the respondents who are currently in the
various fields would naturally rate having a degree in that field more important than someone
not in that particular field. Industrial design was next at 3.57. Twenty percent said it was
critical to have this degree, 40% felt it was somewhat important, and 23.33% were neutral.
Ten percent felt that it was of limited importance to have a degree in industrial design.
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Math/science was weighted at 3.35. Nineteen percent thought math/science was critical,
32.26% thought it was somewhat important, 25.81% said neutral, 9.68% said of limited
importance, and 12.9% said it was not important at all. Physics was weighted at 3.32. Nearly
13% thought physics was critical, 38.71% rated it as somewhat important, 22.58% were
neutral, 19.35% said it had limited importance, and 6.45% thought it was not at all important.
Chemical engineering was weighted 3.06. Again, nearly 13% thought it was critical to know
chemical engineering, 19.35% said it was somewhat important, 32.26% were neutral and said
it was somewhat important, and 3.23% said it was not at all important. Chemistry was next at
2.74. Only 3.23% thought it was critical to have chemistry, 22.58% said it was of limited
importance, 29.03% were neutral, 35.48% said it had limited importance, and 9.68% said
chemistry was not important at all. Welding was weighted at 2.71 in importance. Twelve
percent thought it was critical to have welding knowledge, 6.45% said it was of limited
importance, 38.71% were neutral, 22.58% said limited importance, and 19.35% said not at all
important. Architecture was at 2.32. No one thought it was critical to know architecture,
16.13% said it was somewhat important, 32.26% were neutral, 19.35% said it had limited
importance, and 32.26% said architecture was not at all important to know. Again, it could be
assumed that these survey respondents are not in the field of architecture. Civil engineering
was weighted at 2.03. No respondents thought it was critical to have a civil engineering
degree, 6.45% thought it was somewhat important, 35.48% said it was of neutral importance,
12.9% said it was limited importance, and 45.16% said it was not important at all. One person
wrote in “innovation management---somewhat important to critical.”
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Table 5
Responses to Survey Question 13
Not
Limited
Somewhat
Weighted
Neutral
Critical Total
Important Importance
Important
Average
0.00%
0

0.00%
0

6.45% 45.16%
2
14

48.39%
15
31

4.42

0.00%
0

0.00%
0

16.67% 53.33%
5
16

30.00%
9
30

4.13

0.00%
Material Science 0

0.00%
0

19.35% 32.26%
6
10

48.39%
15
31

4.29

32.26%
10

32.26% 19.35%
10
6

12.90%
4
31

3.06

9.68%
3
45.16%
Civil Engineering 14
32.26%
Architecture
10
6.45%
Design
2
6.67%
Industrial Design 2
0.00%
Aerospace
0
19.35%
Welding
6
3.23%
Manufacturing 1

35.48%
11
12.90%
4
19.35%
6
0.00%
0
10.00%
3
6.67%
2
22.58%
7
0.00%
0

29.03%
9
35.48%
11
32.26%
10
25.81%
8
23.33%
7
23.33%
7
38.71%
12
12.90%
4

3.23%
1
0.00%
0
0.00%
0
35.48%
11
20.00%
6
20.00%
6
12.90%
4
19.35%
6

Manufacturing
Engineering
Technology

0.00%
0

3.23%
1

12.90%
4
6.45%
2

9.68%
3
19.35%
6

Mechanical
Engineering
Mechanical
Engineering
Technology

Chemical
Engineering

3.23%
1

Chemistry

Math / Science
Physics

22.58%
7
6.45%
2
16.13%
5
32.26%
10
40.00%
12
50.00%
15
6.45%
2
64.52%
20

31

2.74

31

2.03

31

2.32

31

3.90

30

3.57

30

3.83

31

2.71

31

3.97

25.81% 51.61%
8
16

19.35%
6
31

3.87

25.81%
8
22.58%
7

19.35%
6
31
12.90%
4
31

32.26%
10
38.71%
12

3.35
3.32
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Question 2 in the demographics section of the survey (“What is your highest level of
education?”) adds insight into Research Question 2 as well. If people in the field are asked
what their level of education is, the responses would contribute to the question of what level
of education is needed. The majority of the respondents’ highest level of education was a
bachelors’ degree (51.16%), followed by master’s degree at 25.58%, doctoral degree at 9.3%,
associate’s degree at 6.98%, post-secondary certificate at 4.65%, and, last, high school or less
at 2.33% (see Figure 9).

What is your highest level of education?
Post-Secondary High School or less
Certificate
2%
5%

Associate
7%

Doctorate
9%

Bachelors
51%

Masters
26%

Figure 9. Responses to Survey Question 2.
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Research Question 3: “What are the skills required of primary career fields in
additive manufacturing?” Data gathered from the content analysis of postings, the content
analysis of education and training, and Survey Question 16 (“Rate the importance of the
following skill areas”) all contributed to answer Research Question 3.
The results of the content analysis of postings began to answer this research question.
In order to effectively analyze the volume of data gathered from this content analysis in the
area of skills, the content analysis of postings sections that addressed required skills were
broken out and analyzed in detail. This first section of the content analysis of postings, which
is titled “skills,” was divided into four subgroups: overview/introduction to AM at 38%,
technical skills (CAD) at 32%, quality/economics/business of AM at 19%, and AM processes
at 11% (see Table 6 and Figure 10).
Table 6
Content Analysis of Postings – Skills Required to Be Hired in the AM positions
Group
Overview/Intro to AM

Technical skills - CAD
Quality/Economics/Business

AM processes

Related processes &
technologies

Description
1.1
Definition of AM
1.2
Key elements of AM
1.8
Key AM terminology – ASTM std

4
20
66

90

1.5
4.3.2
1.9
6.6
6.6.7
Other

CAD tools
Applications (Solid works)
Foundations of Quality
Outsource economics
Risk of IP leak
Lean/ISO/Problem solving

48
27
3
2
2
21

75

1.6
4.0
4.1
4.7
3.0
1.7

AM processes – ASTM std
AM technology and materials
Stereo lithography
Polymer-ink based inkjet printing
Secondary processes
Current technologies supporting AM

20
4
2
3
14
2

29

27

16
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Content Analysis of Postings---Skills

AM Processes
19%

Quality/Economics/
Business
11%

Over View Intro to AM
38%

Technical Skills CAD
32%

Figure 10. Specific skills required for the positions in the postings.
In the content analysis of postings–skills, four sections were further broken down and
analyzed with respect to the subcategories of specific skill within each category:
overview/introduction to AM, technical skills (CAD), quality/economics/business, and AM
processes. The category of overview/introduction to AM consisted of three skills. Key AM
terminology–ASTM standards were rated as most important to know at 73%. The next area
was key elements of AM at 22%. Finally, 5% said that knowing the definition of AM was
important (see Figure 11).
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Overview/Introduction to AM
70

66

60
50
40
30
20
20
10
4
0
Key AM Terminology - ASTM
Standard

Key Elements of AM

Definition of AM

Figure 11. Specific knowledge and skill sets required within the general category of AM.
The next section, technical skills, was divided into CAD tools and applications—more
specifically, Solidworks software. Knowledge of CAD tools was rated at 64%, and
Solidworks applications was rated as 36% in importance (see Figure 12).
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Technical Skills CAD
60

50

48

40

30

27

20

10

0
CAD Tools

Applications Solidworks

Figure 12. Technical skills required for the positions in the postings.
The subgroup of AM process is grouped in AM processes ASTM standard at 44%,
secondary processes at 31%, AM technology and materials at 9%, polymer ink-based inkjet
printing at 7%, stereolithography at 5%, and current technologies supporting AM at 4%. It is
noted that the highest percentage in AM processes is a general understanding of all AM
processes, in particular ASTM standard. This is followed by AM technology and materials,
polymer ink-based inkjet printing, and, last, a need for stereo lithography, which is rarely
required (see Figure 13).
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Content Analysis---AM Processes
25

20
20

15

14

10

5

4
3
2

2

Stereo
lithography

Supporting
technologies

0
AM Processes
ASTM Std

Secondary
Processes

AM Technology & Ink Jet printing
Materials

Figure 13. AM Processes required for the position postings.
The skills required in the quality/economics/business of AM are broken into the
subcategories of lean/ISO problem solving at 75%, foundations of quality at 11%, outsource
economics at 7%, and risk of IP leak also at 7% (see Figure 14).
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Content Analysis---Quality/Economics/Business
25

21
20

15

10

5
3
2

2

Risk of IP Leak

Outsource Economics

0
Lean/ISO/problem solving

Foundations of Quality

Figure 14. Specific knowledge required within the quality/economics/business of AM.
The data gleaned from the subsection of the content analysis of postings–skills
regarding software are reviewed next. The software skill that is overwhelmingly required is
that of 3D surface modeling and, more specifically, solid works software at 32%. Three
dimensional surface modeling is required at 24%, and knowledge of CAD and Microsoft
office were rated as equally important at 15%. Autodesk software was rated at 6%, Corel
Draw 3D printing software was rated at 4%, Rhino at 3%, and Artois at 1%. All of these
software types were listed as software that is good to know but far from essential to be
successful in the fields of additive manufacturing (see Table 7 and Figure 15).
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Table 7
Content Analysis of Software Used in the Field of AM
Software
Solid works – 40
3D Surface Modeling – 30
Auto CAD – 18
Microsoft Office – 18
Auto Desk Software – 8
Corel Draw 3D Printing – 5
Rhino – 4
Artois – 2

Category
Solid works
Skill/Various
Auto CAD
Office
Autodesk
Corel
Rhino
Artois

Notes:
Available in several software packages

40
30
18
18
8
5
4
2

Content Analysis---Software
Corel Draw
4%

Artois
1%
Rhino
3%

Auto Desk
6%
Solidworks
32%

Micro Soft Office
15%

Auto CAD
15%
3D CAD
24%

Solidworks

3D CAD

Auto CAD

Micro Soft Office

Auto Desk

Corel Draw

Rhino

Artois

Figure 15. Knowledge of specific software required in the position postings.
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The content analysis of education and training explored what is currently offered in
additive manufacturing, which will also provide some insights into the question of what skills
are required to be successful in the field. The general categories that the content analysis was
divided into are overview/introduction to additive manufacturing at 32%, technical skills at
28%, applications at 24%, and economics and business of additive manufacturing at 16% (see
Figure 16). The courses and training offered ranged from one hour to an entire semester.
Training in these areas is conducted more frequently in a hands-on or lab-type setting. A onehour training in a classroom setting is the most common format, followed by three- to fiveday workshops that include lab work and case studies. There are a few semester-long courses
that highlight the various elements of AM technology, history, and future projections of the
industry. None of these courses are accredited, although some offer continuing education
credits (see Table 8).
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Table 8
Content Analysis of Education and Training Available in AM
Overview/Intro to AM

Economics/Business

Technical skills

Applications

Future of AM – 12
Compare AM sequence of steps to traditional
manufacturing steps – 9
AM definition and key technologies – 9
AM variety of Industries – 5
Historical background of AM – 4
Time and cost savings with AM – 11
Economic and business aspects of AM – 4
Benefits of AM – 2
ISO training – 2
AM design for supply chain – 1
CAD to AM file creation – 7
CAD overview – 6
3D mesh – 4
CAM overview – 4
3D printer overview – 4
STL files – 2
Converting 2D to 3D – 2
Gear systems – 2
Jetting – 1
Parametric design – 1
Nesting – 1
Fluid dynamics – 1
Prototyping – 9
AM variety of materials – 7
Use of AM to fabricate tooling for
conventional manufacturing processes – 3
AM material and process selection – 2
Tooling – 2
Post processing – 2
Product design – 2
3D print something that moves something –
1
4D printing – 1
AM compared to CNC – 1

39

20

35

30

61

Content Analysis of Education & Training

Applications 24%
Overview / Intro to
AM 32%

Technical Skills 28%
Economics /
Business 16%

Figure 16. Available education and training in these specific areas of AM.

The content analysis of education and training is broken down into four subcategories.
The first category is overview/introduction to AM. This category consists of knowledge of the
future of AM as 31% available, the ability to compare the AM sequence of steps to traditional
manufacturing steps as 23%, knowledge of the definition of AM and key AM technologies is
also rated as 23% important to know, followed by knowledge of a variety of AM industries at
13%, and lastly knowledge of the historical background of AM at 10% (see Figure 17).
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Overview/Introduction to AM
14

12
12

10
9

9

8

6
5
4
4

2

0
Furture of AM

Compare AM to
Traditional Steps

AM Definition & Key
Technologies

AM Variety of
Industries

Historical
Background of AM

Figure 17. Education and training available within the general topic of overview/introduction
to AM
The next largest grouping was of technical skills, which was composed of courses in
CAD to AM file creation at 20%; CAD overview at 17%; 3D mesh, CAM overview, and 3D
printer overview all at 11%; STL files, converting 2D to 3D, and gear systems all at 6%; and
jetting, parametric design, nesting, and fluid dynamics all at 3% (see Figure 18).
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Technical Skills
8

7
7

6
6

5

4

4

4

4

3

2

2

2

2

1

1

1

1

1

0

Figure 18. Education and training available in specific technical areas of AM.
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Applications was the third largest grouping, which consisted of prototyping at 30%,
working with a variety of AM materials at 23%, use of AM to fabricate tooling for
conventional manufacturing processes at 10%, AM material and process selection at 7%,
tooling at 7%, post processing at 7%, and product design at 7%. 3D print something that
moves was at 3%, 4D printing was also at 3%, and AM (as compared to CNC) was at 3% (see
Figure 19).

Applications
10
9
9
8
7
7
6
5
4
3
3
2

2

2

2

2
1

1

1

1
0

Figure 19. Education and training available for specific applications.
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The fourth section of the content analysis of education and training dealt with the
economics and business training available. This section consisted of time and cost savings
with AM at 55%, the economic & business aspects of AM at 20%, benefits of AM at 10%,
ISO training at 10%, and AM design for supply chain at 5% (see Figure 20).

Economics / Business
12
11
10

8

6
4
4
2

2

2
1
0
Time & Cost Savings Economic & Business
Aspects

Benefits of AM

ISO Training

Am Design for Supply
Chain

Figure 20. Economics/business training specifically available.
The results of Survey Question 16 (“Rate importance of the following skill areas”)
provided very specific data as to the skills that engineers in the field think are important to
have proficiency in. The skill areas in general are math, science, communications, material
science, manufacturing processes, tooling, management, experiential learning, quality, CAD,
AM applications, AM processes, AM technologies, AM post processes, design concepts, and
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software. The skill areas within each overall area which were rated the highest, as critical and
somewhat important include the following:
•

Math---algebra, trigonometry, statistics

•

Science---chemistry and physics

•

Communication---speech and teamwork

•

Material science---all aspects

•

Manufacturing processes---machining, CNC, plastics processes, forming

•

Tooling---foundry sand mold cores, G&D, jiggs and fixtures, injection molding,
silicon molding, Power Metals

•

Management---process planning, benefits of AM, project management

•

Experiential learning---1-2 semesters

•

Quality improvement---critical thinking, problem solving, SPC/process capability,
Lean/TQM, ASTM standards, design of experiments, teamwork

•

CAD---3D solid modeling, surface modeling, STL file repair, prototyping STL, 3D
printing build set up and slicing, reverse engineering, finite element analysis

•

AM Applications---tooling, prototyping, parts manufacturing, design/mock up

•

AM Processes---material extrusion, powder bed fusion, binder jetting, sheet
lamination, material jetting, vat polymerization

•

AM technology that supports AM processes---FDM, SLA, Z-Print, Objet, Lens, Metal
LS

•

Design Concepts---intro to design, design for manufacturing and assembly

•

Software---Solid works, ProE, Catia, STL, Magics RD
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The overall skill categories deemed the most critical are: material science, quality
improvement, CAD, AM processes, and software.
The skills within each category that weighted average was 4.0 or above, signifying that it is a
very important skills to have:
•

Material science---metallurgy (4.07), plastics (4.30)

•

Manufacturing processes---machining (4.11), casting (4.07), plastics processing
(4.11), CNC (4.0)

•

Management---benefits of AM (4.19)

•

CAD---3D solid modeling (4.63), surface modeling (4.44), STL file repair (4.33),
prototyping/STL (4.52), 3D printing build, set up, slicing (4.48), solidworks CAD
(4.08)

•

AM Applications---tooling (4.15), prototype (4.26), part manufacturing (4.33), design
mockup (4.08)

•

Design concepts---design for manufacturing and assembly (4.19)

The skill areas that were weighted 3.5 or more are as follows:
•

Math---algebra (3.67), trigonometry (3.81)

•

Science---chemistry (3.7), physics (3.77),

•

Communications---speech (3.56), teamwork (3.85)

•

Quality improvement---problem solving (3.89), critical thinking (3.67)

•

Material science---intro to (3.89), ceramics (3.74)

•

Manufacturing---forming (3.85)
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•

Tooling---GD&T (3.59), jiggs and fixtures (3.73), injection molding (3.93), silicon
molding (3.56), powder metals (3.85)

•

Management---engineering economics (3.52), process planning (3.7), project
management (3.7), estimating (3.52)

•

Quality improvement---critical thinking (3.67), design of experiments (3.63),
teamwork (3.56)

•

CAD---finite element analysis (3.73)

•

AM processes---material extrusion (3.92), powder bed fusion (3.88), binder jetting
(3.81), material jetting (3.77), vat polymerization (3.64)

•

AM technologies that support AM processes---FDM (3.96), SLA (3.92), Z Print
(3.65), Objet (3.77), LENs (3.58), Metal LS (3.88), Metal EBM (3.58), and Plastic LS
(3.73)

•

AM post processes---surface prep (3.69)

•

Design concepts---intro to design (3.85)

•

Software---Pro E (3.65), CATIA CAD (3.56), Materialize STL (3.76)

The skill areas with the lowest weighted average with respect to importance were:
•

Science---biology (2.38), geology (2.07)

•

Manufacturing processes---manual machining (0.00)

•

Tooling---stamping (2.78)

•

Experiential learning apprenticeship---2-4 years (2.81)

•

Software---Corel Draw 3D Print (2.77), Artois (2.72)

Survey question 16 asked the participants to rate the importance of various skills in order to
be effective in the field of AM. (See Table 9 and Figure 21)
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Table 9
Responses to Survey Question 16

Math---Algebra

Not
Limited
Somewhat
Weighted
Neutral
Critical Total
important importance
important
Average
7.41%
7.41%
25.93% 29.63%
29.63%
2
2
7
8
8
27
3.67
3.70%
1

7.41%
2

22.22% 37.04%
6
10

29.63%
8
27

11.54%
3
22.22%
6

7.69%
2
3.70%
1

23.08%
6
25.93%
7

38.46%
10
37.04%
10

19.23%
5
26
11.11%
3
27

0.00%
0

11.11%
3

33.33% 29.63%
9
8

25.93%
7
27

0.00%
Science---Physics 0
26.92%
Science---Biology 7
37.04%
Science---Geology 10

3.85%
1
23.08%
6
22.22%
6

34.62%
9
38.46%
10
37.04%
10

42.31%
11
7.69%
2
3.70%
1

19.23%
5
26
3.85%
1
26
0.00%
0
27

3.70%
Communications--1
Written

14.81%
4

33.33% 33.33%
9
9

14.81%
4
27

3.41

3.70%
Communications--1
Speech

14.81%
4

29.63% 25.93%
8
7

25.93%
7
27

3.56

0.00%
Communications--0
Team Work

14.81%
4

18.52% 33.33%
5
9

33.33%
9
27

3.85

0.00%
Material Science--0
Introduction

7.41%
2

22.22% 44.44%
6
12

25.93%
7
27

3.89

3.70%
Material Science--1
Metallurgy

0.00%
0

22.22% 33.33%
6
9

40.74%
11
27

4.07

0.00%
Material Science--0
Plastics & Polymers
7.41%

0.00%
0

14.81% 40.74%
4
11

44.44%
12
27

4.30

7.41%

14.81% 44.44%

25.93%

Math--Trigonometry
Math---Statistics
Math---Calculus
Science--Chemistry

3.81
3.46
3.11
3.70
3.77
2.38
2.07
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Not
Limited
Somewhat
Weighted
Neutral
Critical Total
important importance
important
Average
Material Science--- 2
2
4
12
7
27
3.74
Ceramics
Manufacturing
Processes--Machining

0.00%
0

0.00%
0

14.81% 59.26%
4
16

25.93%
7
27

4.11

Manufacturing
0.00%
Processes---Manual 0
Machining

0.00%
0

0.00% 0.00%
0
0

0.00%
0
0

0.00

3.70%
1

0.00%
0

14.81% 55.56%
4
15

25.93%
7
27

4.00

0.00%
Manufacturing
0
Processes---Casting

0.00%
0

11.11% 70.37%
3
19

18.52%
5
27

4.07

Manufacturing
0.00%
Processes---Plastics 0
Processing

7.41%
2

7.41% 51.85%
2
14

33.33%
9
27

4.11

Manufacturing
Processes--Forming

0.00%
0

11.11%
3

14.81% 51.85%
4
14

22.22%
6
27

3.85

Manufacturing
Processes --Welding

7.41%
2

14.81%
4

18.52% 48.15%
5
13

11.11%
3
27

3.41

3.70%
1

11.11%
3

29.63% 33.33%
8
9

22.22%
6
27

3.59

18.52%
5

33.33% 48.15%
9
13

0.00%
0
27

3.30

25.93%
7

25.93% 33.33%
7
9

0.00%
0
27

2.78

7.69%
2

3.85%
1

15.38% 53.85%
4
14

19.23%
5
26

3.73

3.70%
Tooling---Injection
1
Molding

0.00%
0

11.11% 70.37%
3
19

14.81%
4
27

3.93

Manufacturing
Processes---CNC

Tooling---GD&T

0.00%
Tooling---Foundry0
sand mold/cores
14.81%
Tooling---Stamping 4
Tooling---Jigs &
Fixtures
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Not
Limited
Somewhat
Weighted
Neutral
Critical Total
important importance
important
Average
Tooling---Silicon
Molding
Tooling---Powder
Metals
Management--Engineering
Economics
Management--Process Planning
Management--Benefits of AM
Management--Project
Management
Management--Estimating
Experiential
Learning--Cooperative
Education 1-2
semesters

7.41%
2

3.70%
1

25.93% 51.85%
7
14

11.11%
3
27

3.56

0.00%
0

11.54%
3

19.23% 42.31%
5
11

26.92%
7
26

3.85

3.70%
1

11.11%
3

25.93% 48.15%
7
13

11.11%
3
27

3.52

0.00%
0

7.41%
2

29.63% 48.15%
8
13

14.81%
4
27

3.70

0.00%
0

3.70%
1

11.11% 48.15%
3
13

37.04%
10
27

4.19

3.70%
1

7.41%
2

18.52% 55.56%
5
15

14.81%
4
27

3.70

0.00%
0

14.81%
4

29.63% 44.44%
8
12

11.11%
3
27

3.52

3.85%
1

30.77%
8

19.23% 30.77%
5
8

15.38%
4
26

3.23

25.93%
7

40.74% 22.22%
11
6

7.41%
2
27

3.04

29.63%
8

40.74% 18.52%
11
5

3.70%
1
27

2.81

22.22%
6

37.04% 29.63%
10
8

3.70%
1
27

3.00

Experiential
3.70%
Learning--1
Apprenticeship - 12 years
Experiential
7.41%
Learning--2
Apprenticeship - 24 years
7.41%
2
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Not
Limited
Somewhat
Weighted
Neutral
Critical Total
important importance
important
Average
Quality
Improvement---6
Sigma
Quality
Improvement--Critical Thinking

3.70%
1

14.81%
4

18.52% 37.04%
5
10

25.93%
7
27

3.67

Quality
Improvement--Problem Solving

0.00%
0

11.11%
3

22.22% 33.33%
6
9

33.33%
9
27

3.89

7.41%
2

11.11%
3

29.63% 37.04%
8
10

14.81%
4
27

3.41

3.70%
1

14.81%
4

33.33% 33.33%
9
9

14.81%
4
27

3.41

Quality
7.41%
Improvement---ISO 2
Standards

14.81%
4

33.33% 33.33%
9
9

11.11%
3
27

3.26

7.41%
2

11.11%
3

29.63% 33.33%
8
9

18.52%
5
27

3.44

7.41%
2

7.41%
2

29.63% 25.93%
8
7

29.63%
8
27

3.63

7.41%
2

14.81%
4

18.52% 33.33%
5
9

25.93%
7
27

3.56

0.00%
0

0.00%
0

0.00% 37.04%
0
10

62.96%
17
27

4.63

3.70%
1

0.00%
0

0.00% 40.74%
0
11

55.56%
15
27

4.44

Quality
Improvement--SPC/Process
Capability
Quality
Improvement--Lean / TQM

Quality
Improvement--ASTM Standards
Quality
Improvement--Design of
Experiments
Quality
Improvement--Teamwork
CAD---3D Solid
Modeling
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Not
Limited
Somewhat
Weighted
Neutral
Critical Total
important importance
important
Average
CAD---Surface
Modeling
0.00%
0

3.70%
1

11.11% 33.33%
3
9

51.85%
14
27

4.33

0.00%
CAD---Prototyping
0
/ STL

0.00%
0

7.41% 33.33%
2
9

59.26%
16
27

4.52

CAD---3D Printing 0.00%
/ Build set-up/
0
slicing

0.00%
0

7.41% 37.04%
2
10

55.56%
15
27

4.48

0.00%
0

0.00%
0

18.52% 51.85%
5
14

29.63%
8
27

4.11

3.85%
1

3.85%
1

26.92% 46.15%
7
12

19.23%
5
26

3.73

3.70%
1

11.11%
3

37.04% 40.74%
10
11

7.41%
2
27

3.37

0.00%
AM Applications--0
Tooling

3.70%
1

18.52% 37.04%
5
10

40.74%
11
27

4.15

0.00%
AM Applications--0
Prototype

3.70%
1

7.41% 48.15%
2
13

40.74%
11
27

4.26

0.00%
AM Applications--0
Part Manufacturing

7.41%
2

3.70% 37.04%
1
10

51.85%
14
27

4.33

0.00%
AM Applications--0
Design/Mock-up

11.54%
3

3.85% 50.00%
1
13

34.62%
9
26

4.08

0.00%
AM Processes--0
Material Extrusion
AM Processes--3.85%
Powder Bed Fusion 1

11.54%
3

15.38% 42.31%
4
11

30.77%
8
26

3.92

7.69%
2

11.54% 50.00%
3
13

26.92%
7
26

3.88

3.85%
1

7.69%
2

19.23% 42.31%
5
11

26.92%
7
26

3.81

CAD---STL file
repair

CAD---Reverse
Engineering
CAD---Finite
Element Analysis
CAD---Product
Data Management

AM Processes--Binder Jetting
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Not
Limited
Somewhat
Weighted
Neutral
Critical Total
important importance
important
Average
3.85%
1

15.38%
4

23.08% 42.31%
6
11

15.38%
4
26

3.50

3.85%
1

11.54%
3

11.54% 50.00%
3
13

23.08%
6
26

3.77

8.00%
AM Processes---Vat
2
Polymerization

8.00%
2

12.00% 56.00%
3
14

16.00%
4
25

3.64

AM Processes--Direct Energy
Deposit

7.69%
2

7.69%
2

26.92% 34.62%
7
9

23.08%
6
26

3.58

AM Technologies
that Support AM
Processes---FDM

3.85%
1

3.85%
1

11.54% 53.85%
3
14

26.92%
7
26

3.96

AM Technologies
that Support AM
Processes---SLA

0.00%
0

4.00%
1

24.00% 48.00%
6
12

24.00%
6
25

3.92

AM Technologies 3.85%
that Support AM
1
Processes---Z-Print

7.69%
2

19.23% 57.69%
5
15

11.54%
3
26

3.65

AM Technologies
that Support AM
Processes---LOM

4.00%
1

8.00%
2

40.00% 40.00%
10
10

8.00%
2
25

3.40

AM Technologies
that Support AM
Processes---Objet

0.00%
0

3.85%
1

26.92% 57.69%
7
15

11.54%
3
26

3.77

AM Technologies
that Support AM
Processes---LENs

0.00%
0

11.54%
3

30.77% 46.15%
8
12

11.54%
3
26

3.58

0.00%
0

3.85%
1

23.08% 53.85%
6
14

19.23%
5
26

3.88

AM Processes-Sheet Lamination
AM Processes--Material Jetting

AM Technologies
that Support AM
Processes---Metal
LS
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Not
Limited
Somewhat
Weighted
Neutral
Critical Total
important importance
important
Average
AM Technologies
that Support AM
Processes---Metal
EBM

0.00%
0

15.38%
4

19.23% 57.69%
5
15

7.69%
2
26

3.58

11.54%
3

19.23% 53.85%
5
14

15.38%
4
26

3.73

0.00%
AM Post Processes
0
---Surface Prep

3.85%
1

30.77% 57.69%
8
15

7.69%
2
26

3.69

7.69%
AM Post Processes
2
---Clear/Color/Paint

7.69%
2

26.92% 57.69%
7
15

0.00%
0
26

3.35

0.00%
Design Concepts--0
Intro to Design
Design Concepts--Design for
0.00%
Manufacturing and 0
Assembly

15.38%
4

23.08% 23.08%
6
6

38.46%
10
26

3.85

7.69%
2

7.69% 42.31%
2
11

42.31%
11
26

4.19

11.54%
3

15.38%
4

26.92% 30.77%
7
8

15.38%
4
26

3.23

0.00%
0

7.69%
2

15.38% 38.46%
4
10

38.46%
10
26

4.08

11.54%
3

7.69%
2

26.92% 50.00%
7
13

3.85%
1
26

3.27

7.69%
2

7.69%
2

30.77% 38.46%
8
10

15.38%
4
26

3.46

0.00%
0

11.54%
3

30.77% 38.46%
8
10

19.23%
5
26

3.65

7.69%
2

34.62% 34.62%
9
9

11.54%
3
26

3.27

AM Technologies
0.00%
that Support AM
0
Processes---Plastic
LS

Software--Microsoft Office
Software---Solid
Works (CAD)
Software---Rhino
(CAD)
Software---Auto
desk (CAD)
Software---Pro E
(CAD)

11.54%
Software---NX UG
3
(CAD)
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Not
Limited
Somewhat
Weighted
Neutral
Critical Total
important importance
important
Average
8.00%
2

32.00% 40.00%
8
10

16.00%
4
25

3.56

7.69%
2

11.54%
3

42.31% 38.46%
11
10

0.00%
0
26

3.12

7.69%
Software--2
Innovmetric (REV)

11.54%
3

46.15% 34.62%
12
9

0.00%
0
26

3.08

0.00%
0

12.00%
3

28.00% 32.00%
7
8

28.00%
7
25

3.76

7.69%
2

30.77%
8

38.46% 23.08%
10
6

0.00%
0
26

2.77

16.00%
4

16.00%
4

48.00% 20.00%
12
5

0.00%
0
25

2.72

14.81%
4

37.04% 29.63%
10
8

14.81%
4
27

3.37

4.00%
Software---CATIA
1
(CAD)
Software---GED
Magic (REV)

Software--Materialize (STL)
Software---Corel
Draw 3D Print
Software---Artois

3.70%
Software---Magics
1
RP
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Skills
Software
5%

Math
6%

Design
7%

Science
6%

AM Post Processes
6%

Communications
7%

AM Technologies
6%

Material Science
8%

AM Processes
6%
Manufacturing
8%
AM Applications
7%
Tooling
6%
CAD
6%
Quality
5%

Experiential
5%

Management
6%

Figure 21. Survey Question 16: “Rate the importance of the following skill areas.”
The overall skill areas were broken down into sections and averaged. The results are
as follows. For the general category of math, the skill areas in order of importance were
ranked trigonometry, 31%; algebra, 30%; statistics, 29%; and calculus, 10% (see Figure 22).
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Math
4.5
4

3.81

3.67
3.46

3.5

3.11

3
2.5
2
1.5
1
0.5
0
Trigonometry

Algebra

Statistics

Calculus

Figure 22. Math skills.
In the science category, the skill areas of most to least importance are physics, 32%;
chemistry, 31%; biology, 20%; and geology, 17% (see Figure 23).

Science
4

3.77

3.7

3.5
3
2.38

2.5

2.07
2
1.5
1
0.5
0
Physics

Chemistry

Biology

Geology

Figure 23. Science skills.
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For the general category of communications skills, teamwork is the most important
area at 36%, followed by verbal skills at 33%, and written skills at 31% (see Figure 24).

Communications
3.9

3.85

3.8
3.7
3.6

3.56

3.5
3.41
3.4
3.3
3.2
3.1
Teamwork

Speech

Written

Figure 24. Communications skills.
The general category of material sciences skills shows that knowledge of working
with plastics and polymers is most important at 27%, followed by metallurgy at 26%,
introduction to material sciences 24%, and ceramics at 23% (see Figure 25).
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Material Science
4.4
4.3
4.3
4.2
4.07

4.1
4

3.89

3.9
3.8

3.74

3.7
3.6
3.5
3.4
Plastics & Polymers

Metallurgy

Introduction

Ceramics

Figure 25. Material science skills.
In the manufacturing processes general category, plastics processing and machining
were equally the most important at 18%; casting was next at 17%, followed by CNC 16%,
forming at 15%, and welding at 14%. Manual machining was not an important skill to know
(0 %; see Figure 26).
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Manufacturing Processes
4.5

4.11

4.11

4.07

4

4

3.85
3.41

3.5
3
2.5
2
1.5
1
0.5
0
Plastics
Processing

Machining

Casting

CNC

Forming

Welding

Figure 26. Specific manufacturing processes required in the field of AM.
The two most important skills within the tooling category are injection molding and
powder metals at 16%, jigs and fixtures and GD&T at 15%, silicon molding 14%, foundry
skills at 13%, and stamping skills at 11% (see Figure 27).
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Tooling
4.5
4

3.93

3.85

3.73

3.59

3.56
3.3

3.5

2.78

3
2.5
2
1.5
1
0.5
0
Injection
Molding

Powder Metals Jigs & Fixtures

GD&T

Silicon Molding Foundry Sand
Mold Cores

Stamping

Figure 27. Specific tooling skills required in the field of AM.
In the category of management skills, knowledge of the overall benefits of additive
manufacturing is the most important skill area, at 22%. Next, knowledge of project
management and process planning are rated equal in importance, at 20%. Finally, estimating
and engineering economics are equally rated at 19% (see Figure 28).
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Management
4.4
4.19
4.2
4
3.8

3.7

3.7

3.6

3.52

3.52

Engineering
Economics

Estimating

3.4
3.2
3
Benefits of AM

Process Planning

Project Management

Figure 28. Specific management skills required in the field of AM.
Within the general category of experiential learning, cooperative education for one or
two semesters was ranked at 36%. A one- to two-year apprenticeship was rated at 33%, and a
three- to four-year apprenticeship was rated at 31% (see Figure 29).
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Experiential Learning
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Coop Education 1-2 Semesters

Apprenticeship 1-2 years
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Figure 29. Experiential learning offered in the field of AM.
In the category of quality improvement, critical thinking, problem solving, and design
of experiments skills were all rated as equally important at 12%. Teamwork, ASTM
standards, Lean TQM, and knowledge of SPC processes all were at 11% important to know.
Six Sigma and ISO standards were rated at 10% important to know (see Figure 30).
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Figure 30. Specific areas within Quality Improvement important in the field of AM.
In the general category of CAD, 3D solid modeling and prototyping STL are most
important skills to know at 14%; followed by 3D build, set-up, and slicing, surface modeling
and STL file repair at 13%;reverse engineering at 12%;finite element analysis at 11%;and
product data management at 10% (see Figure 31).
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Figure 31. Specific areas in CAD that are important to know in the field of AM.
In the general category of additive manufacturing applications, the most important to
know is part manufacturing at 31%. Next rated at equally important at 30% are prototyping
and tooling, and design mock-up knowledge is rated at 10% importance (see Figure 32).
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AM Applications
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Figure 32. Specific AM Applications that are important to know.

Under the general category of additive manufacturing processes, the most important
are material extrusion, binder jetting and powder bed fusion, all at 15%; direct energy deposit,
vat polymerization, and material jetting, at 14%; and sheet lamination skills, at 13% (see
Figure 33).

88

AM Processes
4
3.92
3.88

3.9

3.81
3.8

3.77

3.7
3.64
3.58

3.6

3.5
3.5

3.4

3.3

3.2
Material
Extrusion

Powder Bed Binder Jetting
Fusion

Material
Jetting

Vat
Direct Energy
Polymerization
Deposit

Sheet
Lamination

Figure 33. Specific AM processes that are important to know.
The additive manufacturing technologies that support additive manufacturing
processes are FDM and SLA, at 12%; Plastic LS, Metal EMB, Metal LS, Z-Print, Objet, and
LENs, at 11%; and LOM, at 10% (see Figure 34).

89

AM Technologies that Support AM Processes
4.1
4

3.96
3.92
3.88

3.9

3.77

3.8

3.73
3.7

3.65
3.58

3.6

3.58

3.5
3.4
3.4
3.3
3.2
3.1
FDM

SLA

Metal LS

Objet

Plastic LS

Z-Print

Metal EBM

LENs

LOM

Figure 34. Specific AM technologies that support AM processes
Of the general category of additive manufacturing post-processes, surface preparation
was slightly more important at 52%, followed by clear/color/paint at 48% (see Figure 35).
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Figure 35. Specific AM post processes that are important to know.

In the general category of design concepts, design for manufacturing and assembly
was rated at 52%, and knowledge in introductory design was 48% (see Figure 36).
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Design Concepts
4.3

4.19

4.2

4.1

4

3.9
3.85
3.8

3.7

3.6
Design for Manufacturing & Assembly

Introduction to Design

Figure 36. Categories in design concepts that are important to know.

Of the general category of software, knowledge of Solidworks CAD and Materialize
STL were most important at 9%. Microsoft Office, Rhino, Auto Desk, Pro E, NX UG,
CATIA, and Magics RP were all rated at 8% important to know. GED Magic and Innovmetric
were both at 7%, and Corel Draw 3D Print and Artois were rated at 6% important to know
(see Figure 37).
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Figure 37. Specific Software
Research Question 4: “How many years of experience are required?” This
question is answered from the results of content analysis of postings–years’ experience
section, as well as from five of the survey questions. The first three survey questions are from
the demographics section of the survey and ask the respondents how many years’ experience
they have in their position, in the field, and overall experience. Question 17 asks, “How many
years’ experience in the field are required?” and Question 18 asks, “What level of experience
should an AM professional have in order to be successful?” This will provide factual data
from people who are currently working in the field of additive manufacturing. The data from
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the content analysis and from the survey will provide results from a well-rounded perspective
of how much experience is needed. The results of the content analysis of postings showed that
43% of the postings required more than 5 years’ experience in order to apply for the position.
One third (33%) required more than 4 years’ experience. More than three quarters (76%) of
the respondents replied that more than 4 or 5 years is required. More than 3 years’ experience
was required by 15% of the postings, 9% required more than 2 years, and none required fewer
than 2 years’ experience (see Table 10 and Figure 38).
Table 10
Content Analysis of Postings---Years of Experience Required
Years of Experience
5+
4+
3+
2+
Fewer than 2

#
97
75
34
20
0
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Content Analysis---Years Experience
2 yrs or less
0%
2+ yrs
9%

3+ yrs
15%
5+ yrs
43%

4+ yrs
33%

Figure 38. Years of experience required to be successful in the field of AM.
The results of the survey demographics Questions 3, 4, and 5 are listed in Figures 39, 40, and
41 respectively.
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Years Experience---Current Position
Less than 2 years
2-5 years
6-9 years
10-13 years
14-17 years
18-21 years
22+ years
0

2

4

6

8

10

12

Figure 39. Years’ experience survey participants have in their current position.
These data again illustrate that the credibility of the survey respondents is excellent, as
more than 50% of the participants have more than 11 years’ experience in their position.
These data illustrate again the credibility of the survey respondents, as more than 50%
of them have more than 20 years of professional experience (see Figure 40).
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Years Experience---Overall Professional Experience
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Figure 40. Years’ of overall professional experience that the survey participants have.
Over 50% of the participants have more than 24 years of work experience (see Figure
41).
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Figure 41. Overall full time work experience of the survey participants.
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Survey Question 17 (“How many years’ experience in the field of AM is required to
be successful in the position?”) contributed to the answer to this research question, as well as
Survey Question 18 (“What level of experience should an AM professional have in order to
be successful in his/her position?”). The results were broken down into the number of years’
experience in general in the field of AM as well as years’ experience for the specific position.
Figure 42 shows the responses to Survey Question 17 and Figure 43 shows the responses to
Survey Question 18.

Figure 42. Responses to Survey Question 17.
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Figure 43. Responses to Survey Question 18
Research Question 5: “What are the applications used?” SME calls this “use of
AM Parts.” This research question was answered by the data collected in the content analysis
of postings/applications. It was also answered by Survey Question 10: “What are the
applications used?” The content analysis of applications resulted in the most common being
prototyping applications at 30%, design applications at 26%, tooling applications at 21%,
prototyping/design at 14%, and tooling design at 9% (see Table 11 and Figure 44).
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Table 11
Content Analysis of Applications Used in the Field of AM
Application
Prototyping
Design
Tooling
Prototyping/design
Tooling/design

#
52
46
37
25
15

Content Analysis---Applications

Tooling / Design
9%

Prototyping
30%
Prototyping / Design
14%

Tooling
21%

Design
26%

Figure 44. Applications used within the field of AM engineering.
Survey Question 10 was “What are the AM applications used within your
organization?” Prototyping applications are the most widely used at 39%, followed by design
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applications at 17%, tooling applications at 15%, production at 14%, orthopedic implants at
8%, and tissue and organ applications at 7% (see Figure 45).
Of the applications listed, those weighted highest with primarily “primary process” or
“frequently used” are prototyping at 36.5% and 34.15% with a weighted average of 3.8,
design 22.5%, and 42.5% with a weighted average of 3.6. Part manufacturing (production)
was weighted at 2.95, with 24.39% as primary process and 14.63% frequently used. Tooling
was rated 15.15% and 27.27%, respectively, for primary process and frequently used with a
weighted average of 2.92. Tissue/organs had the lowest weighted average so were the least
used at 1.32, followed by orthopedic implants at 1.65 (see Table 12 and Figure 46).
Table 12
Responses to Survey Question 10

Prototyping
Tooling
Design
Part
Manufacturing
(Production)
Tissue/ Organs
Orthopedic
Implants

Never
Used
4.88%
2
17.50%
7
2.50%
1

Occasionally
Used
17.07%
7
27.50%
11
22.50%
9

Often
Used
7.32%
3
15.00%
6
10.00%
4

Frequently
Used
34.15%
14
25.00%
10
42.50%
17

Primary
Process
36.59%
15
15.00%
6
22.50%
9

Total

Weighted
Average

41

3.80

40

2.92

40

3.60

19.51% 29.27%
8
12

12.20% 14.63%
5
6

24.39%
10

41

2.95

84.21% 7.89%
32
3

2.63%
1

2.63%
1

2.63%
1

38

1.32

72.50% 7.50%
29
3

5.00%
2

12.50%
5

2.50%
1

40

1.65
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Applications Used in Organizations

Orthopedic
Implants
8%
Tissue/Organs
7%

Prototyping
39%

Production
14%

Design
17%
Tooling
15%

Figure 45. Applications used in organizations for AM engineering.
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Figure 46. Responses to Survey Question 10.
Research Question 6: “What types of organizations are hiring positions in
additive manufacturing?” This question was answered by the data gathered from the content
analysis of postings and the responses to Survey Question 8 (“What industry type is the
organization you work in?”) and Survey Question 19 (“How strong is the demand for AM
engineers in the following industries?”)
The content analysis of postings that asked about industry type resulted in the
following data. The data is broken out into percentages of postings indicative of each industry
type. The most predominant grouping was consumer products at 26%. Aerospace followed
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with 20%, and transportation and manufacturing/industrial ranked equally at 17%. Medical
devices industry was 11% followed by architecture at 9% (see Table 13 & Figure 47).
Table 13
Content Analysis of Postings---Industry Type Hiring AM Positions
Industries

1.41
1.42
1.43
1.44
1.47
1.48

Transportation – vehicles – all types
Consumer products
Medical devices & products
Aerospace
Manufacturing & Industrial
Architecture

12
18
8
14
12
6

52

Content Analysis---Industry Types

Architecture
9%
Transportation
17%
Industrial
17%

Consumer Products
26%

Aerospace
20%

Medical
11%

Figure 47. Industry Types that use AM Engineering.
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Survey Question 8 was in the demographics section of the survey respondents and
asked the type of industry that the person worked in. This is relevant to Research Question 6,
as the industries in which the survey respondents are currently employed related to industries
currently hiring. The manufacturing/industrial industry (SIC Code 20-39) had the most survey
respondents at 45.24%. The next category of responses was “other” at 28.57%. Twelve
respondents wrote in their answers:
1) Analytical instruments, equipment, reagents and consumables, software and services
for research, manufacturing, analysis, discovery and diagnostics
2) Higher education
3) Professional Tools and electrical components
4) CAD and 3DP reseller
5) Government
6) Education
7) University of applied sciences
8) I’ve done work with all the industries listed
9) Sales of AM equipment and Software
10) Commercial 3D Food forming
11) 3D Printer sales and support
12) Reprographics/document mgmt./printing is main focus
Aerospace (SIC Code 45) was the next industry type that the survey respondents came
from at 9.52%. Medical (SIC Code 80) and defense (SIC Code 97) were next at 4.76%,
followed by transportation (SIC Code 40-49), consumer products (SIC Code 50-59), and
architecture (SIC Code 15-17), all at 2.38% (see Figure 48).
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Figure 48. Answers to Survey Question 8.
Survey Question 19 was “How strong do you believe the demand is for AM engineers in
the following industries?” Based on the respondents who replied “very important,” the
following industries have the strongest demand for AM engineers: defense, aerospace,
medical, and manufacturing. Based on the weighted averages, the industries are ranked in
order of importance as defense 4.48, aerospace 4.42, manufacturing and industrial 4.29,
medical 4.29, transportation 3.88, consumer products 3.87, architecture 3.58, and art and
fashion 3.46 (see Table 14).
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Table 14
Responses to Survey Question 19
Not
Limited
Somewhat
Very
Weighted
Neutral
Total
Important Importance
Important Important
Average
Manufacturing
& Industrial
(SIC Code 2039)

0.00%
0

6.67%
2

13.33% 30.00%
4
9

50.00%
15

30

4.23

16.67%
5

10.00% 50.00%
3
15

20.00%
6

30

3.67

6.90%
2

17.24%
5

13.79% 31.03%
4
9

31.03%
9

29

3.62

0.00%
0

10.00%
3

10.00% 23.33%
3
7

56.67%
17

30

4.27

0.00%
Aerospace (SIC
0
Code 45)

6.67%
2

10.00% 16.67%
3
5

66.67%
20

30

4.43

0.00%
0

3.45%
1

13.79% 17.24%
4
5

65.52%
19

29

4.45

Architecture
(SIC Code 1517)

3.33%
1

20.00%
6

23.33% 40.00%
7
12

13.33%
4

30

3.40

Art & Fashion
(SIC Code 7284)

3.33%
1

26.67%
8

23.33% 36.67%
7
11

10.00%
3

30

3.23

Transportation 3.33%
vehicle - all
1
types (SIC Code
40-49)
Consumer
Products (SIC
Code 52-59)
Medical (SIC
Code 80)

Defense (SIC
Code 97)

In terms of percentage of responses with respect to Survey Question 19, the data
showed that defense and aerospace were the highest at 14%, followed by manufacturing and
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medical at 13%, transportation and consumer products at 13%, and architecture and art and
fashion at 12% (see Figure 49).

Industry Demand for AM Engineers

Art & Fashion
11%

Defense
14%

Arcitecture
11%
Aerospace
14%
Consumer Products
12%
Manufacturing
13%
Transportation
12%
Medical
13%

Figure 49. Demand for AM Engineers within specific industry categories.
Research Question 7: “What future degree or certification should be available?”
The results of the content analysis of postings/degree type, as well as the content analysis of
education and training, provided answers to this question. Also, the results of Survey
Question 14 contribute to this answer. Based on the responses of the content analyses, a
degree or certification in overview/introduction to additive manufacturing, technical skills–
CAD, and specific applications would be beneficial (see Table 15).
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Table 15
Content Analysis of Skills Required to Be Successful in the AM field
Group
Overview/Intro to AM

Technical skills – CAD
Applications

Description
1.1
Definition of AM
1.2
Key elements of AM
1.8
Key AM terminology – ASTM std
1.5
CAD tools
4.3.2 Applications (Solidworks)
1.3
Uses of AM parts
4.12 Applications
5.0
AM Design

4
20
66
48
27
10
15
12

90

75
37

Of these general groupings, 45% said that overview and introduction to additive
manufacturing was most important to know, followed by 37% technical CAD skills, and 18%
applications in AM (see Figure 50).
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Content Analysis Postings Skills

Applications
18%

Overview/Intro to
AM
45%
Technical Skills CAD
37%

Figure 50. General skills required based on the position postings.
Within the category of general skills, the degree or certification should also include
information on key AM terminology, ASTM standards, key elements of AM, and the
definition of AM (see Figure 51).
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Overview Introduction to AM
70

66

60

50

40

30
20
20

10
4
0
Key Terminololgy - ASTM Standard

Key Elements of AM

Definition of AM

Figure 51. Knowledge required within overview and introduction to AM.
Within the category of technical skills, it is important to know CAD tools is rated at
64% important to know and more specifically solid works applications are rated as important
to know (see Figure 52).
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Technical Skills CAD
60

50

48

40

30

27

20

10

0
CAD Tools

Applications ( Solidworks)

Figure 52. Technical skill areas that are important to know.
The general section on applications consisted of knowledge of general AM
applications (41%), AM design (32%), and uses of AM parts (27%; see Figure 53).

112

Applications
16

15

14
12
12
10
10

8

6

4

2

0
Applicaions

AM Design

Uses of AM Parts

Figure 53. Applications that are important to know.
The results of the content analysis of education and training also provided some
insights into the answer to Research Question 7: “What future degree or certification should
be made available?” The content analysis was divided into two categories:
overview/introduction to additive manufacturing (53%) and technical skills (47%; see Table
16 and Figure 54).
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Table 16
Content Analysis of Education and Training Available in AM
Overview/Intro to AM

Technical skills

Future of AM – 12
Compare AM Sequence of steps to
traditional manufacturing steps – 9
AM definition and key technologies – 9
AM Variety of Industries – 5
Historical Background of AM – 4
CAD to AM file creation – 7
CAD Over view – 6
3D Mesh – 4
CAM Over view – 4
3D printer over view – 4
STL Files – 2
Converting 2D to 3D – 2
Gear Systems – 2
Jetting – 1
Parametric Design – 1
Nesting – 1
Fluid Dynamics – 1

39

35

Content Analysis of Education and Training

Technical Skills
47%

Overview
/Introduction to AM
53%

Figure 54. General categories of education and training available.
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Within each general category is a list of specific areas of education and training that
are currently offered in the field of AM. The category “overview/introduction to AM”
consists of education about the future of AM, comparison of AM sequence of steps to
traditional manufacturing sequence of steps, the definition of AM and AM key technologies,
AM in a variety of industries, and the historical background of AM. (see Figure 55).

Overview Introduction to AM
14
12
12

10
9

9

8

6
5
4
4

2

0
Future of AM

Compare AM to
Traditional Steps

Am Definition and
Key Technologies

AM Variety of
Industries

Historical
Background of AM

Figure 55. Overview Introduction to AM education and training available.
The technical skills section of the content analysis is also divided in to subgroups:
CAD to AM file creation (20%), CAD overview (17%), 3D mesh (11%), CAM overview
(11%), 3D printer overview (11%), STL files (6%), converting 2D to 3D (6%), gear systems
(6%), jetting (3%), parametric design (3%), nesting (3%), fluid dynamics (3%; see Figure 56).
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Technical Skills
8
7
7
6
6
5
4

4

4

4
3
2

2

2

2
1

1

1

1

1
0

Figure 56. Technical skills required in the field of AM engineering.
Survey Question 14 specifically asks, “What future degree or certification should be
available for AM engineers?” This question resulted in the following open-ended responses.
Additive manufacturing requires knowledge of multiple different fields, which should be
combined into a single degree.

1) Minor programs to complement existing programs in
mechanical/materials/aero/design/mfg undergrad eng programs and professional
certifications (targeted at those already in the workforce) would be good
2) Possibly a mechanical engineering specialization in AM
3) BS
4) Most likely, as a specialty of all levels of Materials Science
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5) Interdisciplinary approach - all kinds
6) Additive Manufacturing Engineer
7) AM certification for overall, & specialist certification for specific technologies
8) Specialized and custom courses should be available in the field.
9) BSc
10) Additive Manufacturing Technology cert
11) Materials Engineer
12) SME Certificate
13) One that covers Additive, Subtractive & Formative.
14) Mechanical Engineer with Additive Manufacturing Specialty
15) Advanced certificates for specific types of AM.
16) AM per ASTM technology
17) Combo of design, analysis, material and manufacturing processes
18) BA
19) Design for AM
20) Automation on Additive Manufacturing Engineer

The most common suggestion was a BS in AM engineering (38%), followed by
mechanical engineer with an AM specialty (22%), advanced certifications for specific types
of AM (18%), a combination of design, analysis, material and manufacturing processes (9%),
interdisciplinary degree (9%), and an additive, subtractive, formative degree (4%; see Figure
57).
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Future Degrees or Certification
Additive, Subtractive,
Formative Degree
4%

Interdisciplinary
Degree
9%

Combination of
Processes
9%

BS in AM
38%

Advanced
certifications for AM
18%

Mechanical Engineer
with AM Specialty
22%

Figure 57. Future degrees or certifications recommended by survey participants.
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Research Question 8:“Is there specific education or training in AM that
professionals are lacking?” The results came from Survey Question 15, which specifically
asked this same question. The responses were open-ended and are categorized as follows:
A) Computational Modeling/Analysis/Design: Stress, computational modeling, part
design, metrology, 3D CAD drafting in order to change designs for AM output,
design for manufacturing, and the ability to think holistically.
B) Processes: Manufacturing scale-up, concepts of welding, AM parts are different
from traditional, foundry processes
C) Materials: formulation chemistry, material science and feedback systems, material
science will play a role in the future of AM.
D) Experience: Interdisciplinary approach is the main obstacle to overcome, meaning
deep know-how combined with cooperation, currently most based on experience,
hands on training, overall competency.
E) Engineering knowledge: Slightly more engineering knowledge
Of these responses, 33% were in the category of computational
modeling/analysis/design, 22% were in processes, 22% were in experience, 17% were in
materials, and 6% was lacking engineering knowledge (see Figure 58).
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Education & Training That Is Lacking

Engineering
Knowledge
6%

Experience
22%

Computational
Modeling /Analysis/
Design
33%

Materials
17%

Processes
22%

Figure 58. Education or training that is lacking in the field of AM.
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Survey Question 9: What impact has AM had on your company’s business
strategy and organizational structure? The survey responses to this question were critical
at 30.23%, somewhat at 23.26%, major at 18.6%, medium at 16.28%, and none at 11.63%.
The respondents who thought that this technology was critical or majorly important to their
company’s overall business strategy and organization structure was 48.83%. This clearly
illustrates the importance of this technology (see Figure 59).

Figure 59. Responses to Survey Question 9.
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Summary
In summary, the data obtained from the two content analyses and the survey were
sufficient in addressing the eight research questions asked in Chapter 1 of this study. Chapter
4 provided a review of all of the data obtained from the two content analyses and the survey.
The data were displayed as they related to each of the eight research questions established in
Chapter 1. The analysis of the data indicates there is a need for AM engineers in the field of
manufacturing and tooling, specifically a manufacturing engineer or a tooling engineer with a
bachelor’s degree in some nonspecific type of engineering. When a type was specified, it was
primarily in manufacturing engineering or materials engineering. The data showed that people
currently working in the field and required by the postings predominantly have, or required, at
least a bachelor’s degree. The skill areas deemed most important were general knowledge of
additive manufacturing, knowledge of AM processes, specific applications in prototyping, and
specific software related to 3D surface modeling (more specifically, Solidworks software).
Both of the content analyses were in agreement on the importance of these skills and
education in order for a person to be successful in the field of additive manufacturing. The
survey results were similar, but they differed on a few points. The researcher would assume
that this is due to the various demographics of the respondents; they would typically rate their
specific field, for example, as more important than a field in which they are not working.
Survey Question 9 asked what degree of impact AM has on the companies’ culture, and more
than 50% of the respondents said “critical.” This illustrates the importance of this exciting
technology. Chapter 5 will be the review of the data and conclusions that can be drawn from
them. Also in Chapter 5, future recommendations and ideas for additional research projects
will be made.
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Chapter 5: Results, Conclusions, and Recommendations
Introduction
This chapter includes a synopsis of the purpose of this study and the methods used to
form conclusions based on the analysis of the data as they relate to each of the eight research
questions posed in Chapter 1. Conclusions and recommendations for future research are also
discussed in this chapter.
Summary
The aim of this study was to identify the types of positions available in additive
manufacturing/3D printing and the skills and educational background required for these
positions. It also sought to reveal the years of experience needed to be successful in a
position, the positions that are in highest demand, and if there are common skills or education
that people are lacking in this field. The results of the two content analyses and the survey
study enabled the researcher to answer the eight research questions. A descriptive study was
conducted in order to accomplish the following objectives:
1. Identify the types of additive manufacturing engineering positions that are in demand.
2. Determine what education is required for positions in additive manufacturing.
3. Identify the primary skills that are required to be successful in an additive
manufacturing position.
4. Determine how many years of experience are required.
5. Identify the most common applications that are used in this field.
6. Identify the types of organizations that are hiring additive manufacturing
professionals.
7. Determine what future degree or certification should be made available.
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8. Determine whether there is specific education or training that people in additive
manufacturing positions are lacking.
The eight research questions will be restated one more time, followed by the
conclusions formed based on the data gleaned from the two content analyses and the survey.
At the end of the chapter an inclusive summary and recommendations are provided.
RQ1: What types of engineering-related AM positions are in demand?
The results from the content analysis of postings and the results from Survey Question
11 were used to answer the first research question. The results of the content analysis of
postings indicated that the general category of manufacturing/tooling positions was in the
highest demand. Within this category, the following specific positions in order of importance
are manufacturing engineer, process development engineer, print and mold design engineer,
and tooling engineer. “Materials positions” was the next highest category in demand, with the
only position title in this category being material development engineer. It is interesting to
note that while the computer/electronics raw score was higher than the materials raw score,
the materials position was weighted more heavily as in demand in this field.
The results from Survey Question 11, which asked how strong the demand for the
following types of AM positions were, were also used to answer this research question. The
survey results were as follows: the most heavily weighted positions were materials engineer,
design engineer, followed by research engineer, manufacturing engineer, and tooling
engineer. Design engineer and materials engineer, research engineer, and manufacturing
engineer were all rated as exceptional.
In order to compare and contrast the content analysis results with the survey results,
the data were sorted into a triage format and further broken down into high, medium, and low
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categories. The results were then analyzed to determine whether there was agreement, mixed
agreement, or disagreement. The areas in agreement between the content analysis and the
survey were those with respect to materials engineers which were both rated as high, and
customer liaison engineers which were rated as medium in both the content analysis and the
survey. The agreement in materials positions could be because most of the breakthroughs in
additive manufacturing engineering come from the materials concentration. The technology of
additive manufacturing began using plastics but has since evolved into metals and biomaterials. The reason that customer liaison engineers were both rated at medium importance
is primarily that sales and client services come from this concentration, and both are a
necessary component in any industry.
There was mixed agreement in the categories of manufacturing engineers/tooling
engineers and computer engineers/electronics engineers. The postings results had
manufacturing and tooling as high and computer electronics as medium, while the survey
participants rated these categories as medium and low, respectively. There was disagreement
between the design engineer and research engineer positions. The content analysis said there
is a low demand for these positions, whereas the survey participants thought there is a high
demand. This could be due to the fact that the survey participants answered this question
thinking of the importance of the future of additive manufacturing, and the content analyses
are based on positions currently in demand. The demographic data of the survey participants
also provided some insights into why they believed demand in certain positions was higher.
The demographic data of the survey participants were grouped into engineering in general,
composed of industrial engineers, additive engineers, mechanical engineers, design engineers,
and applications engineers. Also, one third of the participants were either CEOs, presidents, or
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owners of the organizations. It makes sense that people in higher positions would provide a
more global perspective of the field, thinking in terms of future developments, whereas people
in lower positions within the organization would rate their own position as more important
and in demand.
Based on the respondents’ answers to Survey Question 19, the industry types that have
the strongest demand for AM engineers are defense, aerospace, manufacturing, and medical.
The survey was in mixed agreement with the content analysis with respect to the importance
of types of positions. It was not identical with respect to the industry type but may have been
skewed towards defense, as a number of survey respondents are in this field themselves, thus
rating it more important than the position postings. Also, the defense industry typically
doesn’t advertise for positions in local job posting sites; this could also contribute to the
difference in the data from these two sources.
RQ2: What education is required for these positions in additive manufacturing?
The data from the content analysis of postings—degree type and Survey Questions 2,
12, and 13—contributed to the answer to Research Question 2. The results of the content
analysis of postings results showed the majority of positions as requiring a bachelor’s degree,
while a smaller percentage required a master’s degree, and even fewer required a doctoral
degree. The results of the content analysis of postings/degree type required for the additive
manufacturing engineering positions were interesting in that the largest group, by far, was a
general/non-specific type of engineering degree. Also of interest was the fact that many of the
positions listed simply “bachelor’s degree” (as opposed to a BS or BSE) or, more specifically,
a bachelor’s degree in engineering. This was followed by specific degrees in materials,
mechanical engineering, and design. A small number of the positions studied required a
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graduate degree. Of those that did, a degree in materials science was more in demand than
other types of degrees, followed by a mechanical concentration. A small number of positions
also required a doctoral degree, with the highest demand for a materials concentration. The
higher the level of education, the more it needs to be geared towards a materials
concentration. This stands to reason, as the materials concentration is the cutting edge focus
of the industry. These data support those gleaned from the previous research question, which
asked what type of position was in the highest demand and was answered with engineering
and materials. It makes sense that the position postings concur that education in engineering
and materials is important in order to qualify for these positions.
Survey Question 2 was in the section of the survey that asked about the demographics
of the participants. This question specifically asked what level of education the survey
respondent had. This is relevant to the study in that the survey respondents are people who are
actually working in the field; thus, their level of education is indicative of what is required.
The majority of the survey respondents have a bachelor’s degree and some have a master’s
degree. This supports the previous data that indicated that to be hired in the field of AM you
need at least a bachelor’s degree. Survey Question 12 asked about the importance of the level
of education for AM engineers. The responses were that high school/GED was critical, a
bachelor’s degree was critical or somewhat important, a master’s degree was somewhat
important, and a doctoral degree was of neutral importance. This survey question is in
agreement with the results of the content analysis. Also, it stands to reason that high
school/GED are rated as critical because you need to have a high school degree before you
can get a bachelor’s degree. The weighted averages reflect that additive manufacturing
courses (credited) are the most important education that a person should have, followed by a
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bachelor’s degree and AM training (noncredit). All categories of education were ranked as
either critical or somewhat important, illustrating the importance of education in the field of
AM. The results of Survey Question 13 (“How relevant are certain degree types to an AM
engineering position?”) showed that mechanical engineering was rated as both critical and
somewhat important. Weighted average was highest in mechanical engineering. The next
highest weighted average was material sciences, followed by mechanical engineering
technology. The survey did not have an option of “general degree,” so the respondents’
answers were forced. These results again are in agreement with the results of the content
analysis.
The survey results showed that most respondents believed that, at minimum, a
bachelor’s degree in various engineering concentrations is required. The most frequent
responses to the question of how relevant degree types are to an AM engineering position
were mechanical engineering and material science, both listed as critical. There was
agreement between the content analysis and the survey with respect to level of education as
well as type of degree.
In conclusion, the results of the answers to this research question are that a bachelor’s
degree is required for the majority of the positions. The positions that are research-based
typically require a graduate degree with a concentration in materials. The majority of the
positions require a general nonspecific degree in engineering. It is an engineering-related
degree—not a true engineering degree—because calculus was not rated high in importance,
and a true engineering degree does require calculus. Trigonometry, algebra, and statistics
were rated as more important to know than calculus, which led to this conclusion.
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RQ3: What are the skills required of primary career fields in additive manufacturing?
Data gathered from the content analysis of postings, the content analysis of education
and training, and Survey Question 19 (“Rate the importance of the following skill areas”) all
contributed to answer Research Question 3.
In order to properly analyze the data from this section, they were grouped into
common related topic areas, rank-ordered, and averaged. There was agreement between the
two content analyses. The four general category groupings from each content analysis were
the same: overview of AM, technical skills, processes and applications, and economics and
business of AM. These categories were also in agreement with respect to the order of
importance. This first section of the content analysis of postings, “skills,” was divided into
four subgroups: overview/introduction to AM, technical skills (CAD), quality/economics/
business of AM, and AM processes.
The content analysis of education and training explored what training is currently
offered in additive manufacturing, which also provided some insights into the question of
what skills are required to be successful in the field. The content analysis of education and
training available also had the highest number in the overview/introduction to AM group,
followed by technical skills, applications, and economics and business. This again is in
agreement with the content analysis of postings. The most important in both content analyses
was overview of AM, followed by AM technologies, processes and applications, and finally
the economics and business of AM. There was also agreement within the categories as to
what specific skills were most important to have, as well as what education and training is
available. Within the category of overview/introduction to AM, key AM terminology–ASTM
standards were rated as most important to know. In the content analysis of education and

129

training, within the same category, knowledge of the future of AM and key terminology were
most important. Within the technical skills section, the content analysis of postings rated
knowledge of CAD most important, and in the content analysis of education and training
technical skills section, CAD was highest as well. Within the AM processes section of the
first content analysis, AM processes ASTM standard was most important, and the content
analysis of education and training showed the most available training in this section was in
Prototyping. In the fourth section, which was the economics and business of AM, there was
mixed agreement between the two content analyses. The content analysis of postings said the
majority required lean/ISO/problem-solving skills, while the content analysis of education and
training showed that training in time and cost savings was the most available. There is some
agreement here, as time and cost savings training could be a part of lean/ISO/problem-solving
training. The results of the survey also agreed with both of the content analyses. Based on the
survey responses, the software skill overwhelmingly required is that of 3D surface modeling,
more specifically Solidworks software. The technical skills section was divided into CAD
tools and applications—again, more specifically Solidworks software. The data gleaned from
the subsection of the content analysis of postings—skills regarding software—also clearly
indicated that the software skill most needed is that of 3D surface modeling, more specifically
Solidworks software.
The results of both of the content analyses were consistent and in agreement with each
other in terms of the skills required for careers in the field of additive manufacturing. Survey
Question 16 asked respondents to rate the importance of several skill areas. Those determined
to be most critical are material science, quality improvement, CAD, AM processes, and
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software. The skills within each category in which weighted average was 4.0 or above,
signifying that it is a very important skill to have, are as follows:
•

Material science---metallurgy and plastics

•

Manufacturing processes---machining, casting, plastics processing, and CNC

•

Management---benefits of AM

•

CAD---3D solid modeling, surface modeling, STL file repair, prototyping/STL, 3D
printing

•

Build set up slicing, and Solidworks CAD

•

AM applications---tooling, prototype, part manufacturing, and design mock-up

•

Design concepts---design for manufacturing and assembly

The survey responses were in agreement with both content analyses. Each skill area was
broken down, and the most important skills to know within each category are as follows:
•

Math---trigonometry

•

Science---physics

•

Communications---teamwork

•

Material sciences---knowledge of working with plastics and polymers

•

Manufacturing processes---plastics processing and machining

•

Tooling---injection molding and powder metals

•

Management skills---over all knowledge of the benefits of AM

•

Experiential learning---cooperative education for 1-2 semesters

•

Quality improvement---critical thinking, problem solving, and design of experiment
skills

•

CAD---3D solid modeling and prototyping STL
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•

AM applications---part manufacturing

•

AM processes---material extrusion, binder jetting, powder bed fusion

•

AM technologies that support AM processes---FDM and SLA

•

AM post processes---surface preparation

•

Design concepts---design for manufacturing and assembly

•

Software---Solidworks CAD and Materialize STL.

These specific skills are most important to know for AM professionals. It would make sense
to include courses and training in all of these skills within a program or curriculum for an
additive manufacturing engineering degree or certification.
In conclusion, the data gathered in response to this research question can be summed
up as follows. The skill sets required to be successful in the field of AM can be grouped into
foundational type skills and content type skills. The foundational skills are math, primarily
trigonometry, statistics, and algebra. Science skills required are physics and chemistry, and
soft skills include teamwork and problem-solving skills. Knowledge of Lean and ISO
processes are also important to have. The content skills consist of general knowledge of AM
processes, technologies, post-processes, and the benefits of AM in terms of economics,
quality, and the future of AM. The technical skills sets that are required are CAD, software
and design, materials knowledge, and manufacturing and tooling skills. The applications
section of the skills required consists of prototyping, design, and tooling skills.
RQ4: How many years of experience is required?
This question was answered from the results of content analysis of postings–years’
experience section, as well as from five of the survey questions. The first three survey
questions are from the demographics section of the survey, which asked the respondents how
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many years’ experience they have in their position, as well as in the field, and their overall
years of experience. Question 17 asks, “How many years’ experience in the field are
required?” and Question 18 asks, “What level of experience should an AM professional have
in order to be successful?” This provided data from people who are currently working in the
field of additive manufacturing. The data from the content analysis and from the survey
provided the results from a well-rounded perspective of how much experience is needed.
The results of the content analysis of postings showed that the majority of the postings
required more than 4 or 5 years’ experience in order to apply for the position.
The results of the demographic data from the survey questions showed that more than
half of the participants have more than 11 years’ experience in their position. These data also
showed that more than half of the survey respondents have more than 20 years of professional
experience, and over half of them have more than 24 years of overall work experience. This
information bodes well as to the credibility of the survey respondents. It does disagree with
the content analyses of postings, as they all have more experience than the postings require.
However, Survey Questions 17 and 18, which are the respondents’ opinions, do agree with the
content analyses of postings data. The majority of the survey respondents’ opinions of how
many years’ experience are required to be successful in a position were combined into a
category of one to five years. The majority of responses to the question asking how much
experience in the industry someone should have was a combined answer one to five years.
The information gathered from the answers to these questions provided data from
people who are currently working in the field of additive manufacturing as well as the
opinions of people working in the field. These data provided results from a well-rounded
perspective. The content analysis was in agreement with the opinions of the survey
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participants. It is interesting that the survey participants thought new hires would need less
experience than they have.
RQ5: What are the applications used? The SME terms this “use of AM parts.” This
research question was answered by the data collected in the content analysis of postings–
applications, and the content analysis of education and training. It was also answered by
Survey Question 10: “What are the applications used?” The data gathered from both content
analysis and the survey question were all in agreement. The content analysis of postings–
applications resulted in the finding that the most common applications used are prototyping
applications, followed by design applications, tooling applications, production applications,
orthopedic implants, and tissue and organ applications. The data from the content analysis of
education and training indicated that prototyping applications being the most frequently
taught. Survey Question 10 was “What are the AM applications used within your
organization?” Prototyping applications are the most widely used, followed by design
applications. Again, the results of the survey and the content analysis were all in agreement
with respect to Research Question 5: “What are the applications used?”
In conclusion, for the fifth research question, prototyping applications are the most
commonly used applications in the field of additive manufacturing. This is followed by design
and tooling applications.
RQ6: What types of organizations are hiring positions in additive manufacturing?
The data from the content analysis of postings, the content analysis of education and
training, and Survey Questions 8 and 19 all made up the answer to this research question. The
content analysis of postings section, which looked at the industry type where positions are
available, resulted in the following data: The most predominant grouping, in order, was
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consumer products; aerospace, transportation, and manufacturing/industrial, medical devices,
and architecture. The results of the content analysis of education and training had a section on
industry types that showed, in order of importance, consumer products, aerospace,
manufacturing and industrial, transportation–vehicles (all types), medical, and architecture.
The two content analyses were in agreement on this research question. Survey Question 8, in
the demographics section, asked the type of industry the person worked in. This is relevant to
Research Question 6 as the industries that the survey respondents are currently employed in
relate to industries currently hiring in the field of additive manufacturing. Survey Question 8
was in mixed agreement with both of the content analyses. The manufacturing/industrial
industry had the most survey respondents. This category was listed as second in importance
on the content analysis.
Survey Question 19 was “How strong do you believe the demand is for AM engineers in
the following industries?” Based on the respondents who replied “very important,” the
following industries have the strongest demand for AM engineers: defense and aerospace,
followed by manufacturing and medical industries. Based on the weighted averages, defense
is the most important, followed by aerospace, medical, and manufacturing /industrial. Again,
these data may be skewed; what industry the survey participant came from could shift the
respondents’ perception of its importance. These data do agree with the survey respondents’
background, so this is likely.
In conclusion, the manufacturing/industrial industry is hiring the most professionals in
the field of AM. Consumer products, aerospace, and transportation industries also most
widely use this technology.
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RQ7: What future degree or certification should be available?
The results of the content analysis of postings–degree type, as well as the content
analysis of education and training and the results of Survey Question 14, provided answers to
this research question. The data gathered from both content analyses and the survey agreed
that the largest category of degree type required for additive manufacturing engineering
positions were, by far, a general/non-specific type of engineering bachelor’s degree. This was
followed by specific degrees in materials, mechanical, and design. A small number of the
positions studied required a graduate degree. Of those that did, a materials science
concentration was more in demand than other types of graduate degree. The analysis also
indicated that the positions in highest demand are in the general category of manufacturing
and tooling. Within this category, the following specific positions, in order of importance,
were manufacturing engineer, process development engineer, print and mold design engineer,
and tooling engineer. “Materials positions” was the next highest category of position in
demand. According to the survey, AM critical engineering positions are those in mechanical
engineering and material sciences. The results of Survey Question 13—“How relevant are
certain degree types to an AM engineering position?”—showed that mechanical engineering
was rated highest, followed by material sciences, and then mechanical engineering
technology. The survey results were as follows: the most heavily weighted positions were
materials engineer, design engineer, research engineer, manufacturing engineer, and tooling
engineer. Both content analyses and the survey agreed on the degree type and position in the
most demand.
The results of the content analysis of postings and the content analysis of education
and training also were in agreement on the specific education and skills required. The content
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analyses both agreed that knowledge in general overview/introduction to additive
manufacturing is most important, followed by technical skills in AM. They also agree on the
importance of 3D surface modeling skills, CAD, and more specifically Solidworks software,
the future of AM, and key terms and definitions of AM. The weighted averages reflect that
accredited additive manufacturing courses is the most important education that a person
should have, followed by a bachelor’s degree and AM training. Survey Question 14
specifically asks, “What future degree or certification should be available for AM engineers?”
The most common suggestion was a BS in AM engineering, followed by mechanical engineer
with an AM specialty, and advanced certifications for specific types of AM. The open-ended
answers to this question provided a range of responses, but most were an engineering degree
with an AM specialization, overall AM certification with special concentrations on industryspecific technologies, and minor programs to complement existing programs in mechanical,
materials, aerospace, design, and manufacturing engineering. Specific certifications targeted
at those already in the workforce were also suggested. The data from the survey question are
difficult to compare to the content analysis as they are looking at what specific requirements
are needed, and the survey question specifically asked what degree is needed. However, the
data from the content analysis could be used to develop the certification or courses that would
complement what is needed. It makes sense that the content analyses do not require a degree
in AM as one does not exist. If there were a degree available, the postings would list it as a
requirement. The specific skills within each discipline that were rated as critical to know
were:
•

Material science---metallurgy and plastics

•

Manufacturing processes---machining, casting, plastics processing, and CNC
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•

Management---benefits of AM

•

CAD---3D solid modeling, surface modeling, STL file repair, prototyping/STL, 3D
printing build, set up, slicing, Solidworks

•

AM applications---tooling, prototype, part manufacturing, design mockup, and design
concepts.
It would make sense to use these data to develop a course or degree program in AM.

Under math skills, knowledge of calculus was rated as very low. That would indicate,
perhaps, that a degree in technology or engineering technology would be more relevant than a
general engineering degree for those in the field of additive manufacturing engineering. All of
the data gathered to answer Research Question 7 could be used in the future to design
education and training in the field of AM to accommodate the skills and education that are
lacking. Based on the results, it appears that there is not a need for a specific bachelor’s
degree in the field of additive manufacturing engineering. These data do point to the need for
a future degree specialization, certificate, or minor within an existing program that focuses
specifically on the additive manufacturing component within the specific field of additive
manufacturing. Or future graduate programs could be developed. Hands-on training from coops or internships would provide the experience needed for professionals going into the field,
or for those who are already in the workforce but lack specific AM training and experience.
In conclusion, based on the data gathered from this study, development of a standalone AM degree is not recommended. AM is a tool. It would make sense to develop a degree
that has AM as a core and offers concentrations in materials or design, for example. The core
would consist of courses that teach all of the foundations, skills, and applications identified
earlier in this study. Or an AM concentration could be developed, again using the data
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resulting from this study, and offered within specialized degree programs such as a materials
or design degree. The core could be courses that teach the specialization and foundational
skills, and the applications could be taught within an internship, apprentice, or co-op type
program.
RQ8: Is there specific education or training in AM that people are lacking?
Survey Question 15 asks, “What education or training is lacking?” The responses were
written into the survey as open-ended answers. These answers were grouped into the
following categories: computational modeling, analysis and design, processes, materials,
experience, and general engineering knowledge. The content analysis of education and
training supports is in agreement with the survey answers. Computational modeling, analysis,
and design are not listed as education and training offered in the field, and they are said to be
lacking based on the survey responses. Education in processes is available but not very often.
There is mixed agreement with respect to training in materials. Science and general
engineering knowledge is lacking, as it is not offered frequently, according to the results of
the content analysis of education and training. It would make sense to incorporate these
specific educational and skill sets into education and training programs developed in the
future. The content analysis and the survey responses to this question are all in agreement as
to the results drawn from Research Question 7. These data indicate that what is lacking could
be combined into a course or degree program that teaches these skill sets and education.
Conclusions
Two content analyses and a survey were used to gain the data acquired in this
descriptive research study. The data provided some insight into the field of additive
manufacturing engineering, specifically into the education and training required to be
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successful in this exciting field, and the education and training that are lacking. The data
collected in this study showed that the general category of manufacturing and tooling was in
the highest demand in the field, with the specific position of manufacturing engineer in
highest demand. The education required was a bachelor’s degree in non-specific engineering,
with one to five years of experience. For those individuals who are in the materials
concentration, an advanced degree is important. The most common specific training category
required is to know general information about additive manufacturing, key components of
additive manufacturing, and key terminology, specifically ASTM Standards. The most
common skills that are required are those in applications specific to additive manufacturing
and 3D surface modeling, specifically Solidworks software, and CAD. These basic
knowledge areas and skills could be incorporated into a general core of AM courses. Then the
more specialized skills and education could be taught within each of the specific
concentrations. The results of the study showed that knowledge and skills in the areas of
material science (metallurgy and plastics), manufacturing processes (machining and casting),
management, quality improvement, prototyping/STL, 3D printing build, set up, slicing, AM
applications (tooling, prototype, part manufacturing, and design mockup) are required. These
skills and knowledge areas could again be included in a core AM concentration or in
specializations within other engineering concentrations such as materials or design.
Predominant locations of companies hiring additive manufacturing engineers were also
identified as being in the Midwest and Texas, and types of companies were primarily
consumer products, aerospace, and manufacturing. It is noteworthy to recognize the high level
of professionalism and experience of those who participated in the study. Based on the results
of this study, there is a need for more education and training in this field.
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All of the data provided could be used to design specific courses and curricula that
would provide the education and training needed that are currently lacking. That further
exploration into design of an additive manufacturing curriculum for certifications or for
integration into other degree programs is needed is one conclusion drawn from this study.
There are so many fields that use AM that it would make sense to tailor courses specifically to
how it is used within each specialty. These courses could be integrated into the various degree
programs. Or, conversely, a core curriculum in the basics of AM could be developed with
concentrations in manufacturing, tooling, design, or materials. Whether integration of AM
into other degree programs or integration of other degrees into an AM core, experience is
critical. Programs should also be developed that include both applications courses and handson experience, such as an apprenticeship, co-op, or internship. Graduate programs
concentrating on AM could be developed, especially within a materials concentration. The
information gathered about the specific skills and education needed and lacking could be
incorporated into a training and development program as well as a curriculum that could be
used in higher education. The comments and ratings provided by these experts were a good
indication of the fact that the study was highly important for the additive manufacturing
discipline and that it was also of high quality. The open-ended survey component responses
agreed with these conclusions. Developing concentrations in AM for specific degree
programs was a common suggestion, as was development of AM certifications or specialties.
Curriculum could be developed using the data gathered from this study. Some
suggested options are:
1. Additive manufacturing majors, with concentrations in specialized fields
2. Additive manufacturing concentrations within other majors in specialized fields
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3. Engineering apprenticeship programs or internships.
The first two options focus on additive manufacturing curricula; the third may be
integrated into a variety of engineering and engineering-related curricula. It must be
recognized that curriculum development is a faculty activity. No single faculty member
should develop an entire curriculum, although it is not uncommon for a faculty member to
provide leadership to a team of colleagues in the development of a curriculum. A complete
curriculum requires a variety of expertise and perspectives, as provided by a team of faculty
either within a discipline or as a multifunctional team developing a multidisciplinary
curriculum. The following recommendations are, therefore, a point of departure, not an end
point. Regarding the two options for AM curricula, one outcome of this study has been the
realization that AM is not a stand-alone degree. Additive manufacturing is a tool to be used in
various fields of study, applications, and industries. As such, there are specialized skills and
knowledge that improve the effective use of the AM tool.
Option 1: Additive manufacturing majors, with concentrations in specialized
fields.
This option focuses on a core of AM courses in the major, identified below as AM content.
An approximate number of credits in the AM major are identified in brackets “(# SCH).”
When an existing course is identified, it is identified in bracket “[XXX###].” This is
supported by foundation courses and applications. The specialized fields are identified as
concentrations:
I. Foundation courses
A. Math
1) Trigonometry [MATH 107 Trigonometry] (2)
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2) Algebra [MATH 105 College Algebra] (3)
3) Statistics [DS 265 Business Statistics I] (3) Note: May need a new course
focused on application to engineering problems.
4) Design of Experiments (4)
B. Science
1) Physics
a. [PHY 221 Mech., Heat, and Sound] (4)
b. [PHY 222 Elect. & Light] (4)
2) Chemistry [CHEM 117/118 General Chemistry] (4)
C. Communications - Teamwork [PDD 156] (3)
II. AM Content (estimates of the number of SCH are provided with each content area)
A. Intro to AM: Overview of AM processes, technologies, and post processing.
Benefits of AM, including quality and economics of design. (3 SCH)
B. CAD and Design –
1) Engineering Graphics [PDD 122] (4)
2) Introduction to CAD (3)
3) Part Modeling (3)
4) Assembly Modeling (3)
5) Advanced Modeling and Analysis (3)
C. Materials [PDD 111] (3)
D. Manufacturing/tooling
1) Basic processing, including casting, forming, and machining [PDD 123
Manufacturing Processes] (4)

143

2) Tooling applications of AM (3)
E. Prototyping (3)
F. Quality (3)
G. Engineering Economics (3)
III. Applications
A. Capstone/project courses/studios
1) Senior Design Capstone I (3)
2) Senior Design Capstone II (3)
B. Coop/Internship [Concentration Prefix] 387 Coop LBC (3)
C. Apprenticeship
IV. Concentrations: The number of credits depend on the number of the courses from above
are included in the major. Total general education, major, and concentration are
approximately 124 SCH. This may include a combination of two or more of the following or a
single area. Concentrations depend on desire of faculty in these programs to participate.
Examples include:
A. Product Design and Development
B. Mechanical Engineering Technology
C. Electronic Engineering Technology
D. Materials (not a current program, but a variety of Polymers and Coatings courses
are available.
E. Computer-Aided Engineering
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Option 2: Additive manufacturing concentrations within other majors in
specialized fields. This option is more difficult to describe, as it requires that existing majors
provide enough room in their curriculum for an AM concentration.
I. Foundation courses per major requirement. (See also #3 below)
II. Major: This may require development of new options within existing majors, as existing
majors in the School of Engineering Technology require 50 or more hours themselves.
Further, as with the first option, some of the courses identified in the AM concentration are
currently required in existing SET majors.
III. AM Concentration. (Estimates of the number of SCH are provided with each content
area). It may also be necessary to add foundation courses not included in the major to the AM
concentration (i.e., statistics and DOE, science, teamwork).
A. Intro to AM: Overview of AM processes, technologies, and post processing.
Benefits of AM, including quality and economics of design. (3 SCH)
B. CAD and Design –
1) Engineering Graphics [PDD 122] (4)
2) Introduction to CAD (3)
3) Part Modeling (3)
4) Assembly Modeling (3)
5) Advanced Modeling and Analysis (3)
C. Materials [PDD 111] (3)
D. Manufacturing/tooling
1) Basic processing, including casting, forming, and machining [PDD 123
Manufacturing Processes] (4)
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2) Tooling applications of AM (3)
E. Prototyping (3)
F. Quality (3)
G. Engineering Economics (3)
4. Applications
A. Capstone/project courses/studios
B. Coop/Internship [Major Prefix] 387 Coop LBC (3)
C. Apprenticeship
Option 3: Apprenticeship or Internships
The third option is where education and industry work together toward the outcome of
more educated and skilled additive manufacturing professionals. Companies hiring AM
engineers could offer summer internships to students enrolled in the programs to teach handson skills and experience in the workplace. Apprenticeship programs could also be developed
within companies that would promote hands-on training and education for new hires.
Incentives could be given to those who are mentoring the new hires.
These are just a few suggestions as to how to best use this data moving forward in
order to produce more skilled and educated workers in the field of additive manufacturing.
Significance
This study is very significant to the field of additive manufacturing. Half of the survey
respondents indicated that additive manufacturing has and will have a critical or major impact
on their companies’ business strategy and organizational structure. This clearly illustrated the
importance of this technology. Companies will continue to hire professionals with education
and skills in this field. This is supported by the projected growth in the industry. A study
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conducted said the number of job ads requiring workers with 3D-Printing skills increased
1,834% in 4 years and 103% when comparing August 2014 to August 2013 (Wanted
Analytics, 2016). This is also very significant; with the introduction of this technology to
more companies, the companies will need to hire professionals with these skills and this
education. It will also require upgrading the skill sets of current employees. This upgrading of
the work force through education and training is a human resources issue. Talent development
is imperative in industries using this technology. This study provides the foundational data of
the skills sets and education that are required and are lacking in the field of additive
manufacturing engineering. These data provide the foundation for educators to use in the
development of courses and curriculum that will meet these needs. They also provide
employers with a baseline to identify skill gaps in the workforce and to develop internal
training programs to fill these gaps. This presents an excellent opportunity for collaboration
and cooperation between education and industry in developing the workforce of the future.
Upgrading the work force and providing companies with highly trained and educated
employees will have an impact on companies’ business strategies and organizational
structures.
Recommendations
The intent of this study was not to develop a degree or curriculum in additive
manufacturing. The purpose of the study was to identify the positions, skill sets, and
education required to be successful in this field. It also provided data as to what skills and
education AM professionals are currently lacking. There are many ways that these data could
be analyzed further in order to glean additional information about what specific education and
training are needed for this field. For example, the data may be further analyzed during
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subsequent studies to indicate the relationship between type and level of degree. For example,
those indicating that a graduate degree was highly desired could be sorted to determine the
type of degree, or those indicating an exceptional demand for research engineers could be
sorted to determine the type and level of degree and skills required.
These data can be used by faculty to develop the courses and curriculum. Each faculty
member involved will have a different perspective when using these data to develop courses.
For example, a materials faculty member will have different perspectives, goals, and
capabilities with respect to additive manufacturing than a design faculty member will have.
Also, each degree area will have a different set of needs pertaining to the use of additive
manufacturing tools. The results of the study can be used by various faculty members to
establish a series of courses or a full curriculum in the additive manufacturing discipline.
Moreover, the results of the study can help to guide training, curriculum development,
and future growth and development in other areas of additive manufacturing. This study also
provides the foundation for educational programs that could be developed specifically in
additive manufacturing. For example, courses in the basics of additive manufacturing could
be included as electives in an engineering degree program, or specific courses in prototyping
and 3D surface modeling could be included in a tract within an engineering degree
curriculum. The education and skills identified in this study as required and/or lacking could
be developed as part of a curriculum, a certification program, an apprenticeship program for
use by universities, and corporate training needs, assessment, and development in the future.
There could be a role for colleges to develop graduate AM degree programs or certificates for
engineers so they can specialize in AM and conduct additional research into this exciting
field.
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Finally, colleges should help develop training programs and certifications that teach
new developments in AM, in cooperation with industry and professional organizations. These
could be internships or for-credit training in special topics within a degree program.
Furthermore, such a study should be conducted at an interval of every five to seven years to
keep up with the developments in the field in order to adjust the education and training to
meet the needs of industry, thus keeping on top of talent development so as to provide
professionals who meet the requirements of this growing technology.
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Appendix A – AM Certification Body of Knowledge
ADDITIVE MANUFACTURING CERTIFICATE PROGRAM BODY OF
KNOWLEDGE

DESCRIPTION

RUBRIC
1.0
1.1
1.1.1
1.1.2
1.2
1.2.1
1.2.2
1.2.3
1.2.4
1.2.5
1.2.6
1.2.7
1.2.8
1.2.9
1.3
1.3.1
1.3.2
1.3.3
1.3.4
1.4
1.4.1
1.4.2
1.4.3
1.4.4
1.4.5
1.4.6
1.4.7
1.4.8
1.5
1.5.1

OVERVIEW of AM
Definition of AM
Evolution of AM definitions
Current ASTM
Key Elements of AM
Sources of Input
STL File Output and Format
STL File Post Processing
Build Preparation
Build Process
Part Inspection
Part Post Processing
Quality Assurance
Secondary Processing
Uses of AM Parts
Conceptual models
Form and fit models
Functional models
Final product
Industries Using AM
Transportation –Vehicle – All Types
Consumer Products
Medical Device and Products
Aerospace
Defense
Art and Fashion
Manufacturing and Industrial
Architecture
Computer Aided Design (CAD) Tools
Mainstream CAD packages w/STL export for AM
systems
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DESCRIPTION

RUBRIC
1.5.2
1.6
1.6.1
1.6.2
1.6.3
1.6.4
1.6.5
1.6.6
1.6.7
1.7
1.7.1
1.7.2
1.7.3
1.7.4
1.7.5
1.7.6
1.7.7
1.7.8
1.7.9
1.7.10
1.7.11
1.7.12
1.8
1.8.1
1.8.2
1.8.3
1.8.4
1.8.5
1.8.6
1.8.7
1.8.8
1.8.9
1.8.10
1.8.11
1.8.12
1.8.13
1.9
1.9.1
1.9.2
1.9.3
1.9.4
1.9.5
1.9.6
1.9.7

AMF standard file format conversion
AM Processes – ASTM Std
Binder jetting
Directed energy deposit
Material extrusion
Material jetting
Powder bed fusion
Sheet lamination
Vat photo polymerization
Current technologies that support each
process – Examples (1.6)
ProJet Systems
iPro Systems
Eden Systems
Connex Systems
Desktop Systems
Perfactory
DraftSight
ZPrinter
sPro
Fortus
3D Touch
Matrix
Key AM Terminology – ASTM Std
3D printer/printing
3D scanning
Additive systems
Direct metal laser sintering (DMLS)
Directed energy deposit
Fused deposition modeling (FDM)
Laser sintering (LS)
Rapid prototyping
Rapid tooling
Selective laser sintering (SLS)
Stereolithography (SL)
Subtractive manufacturing
Surface model
AM Materials
Engineered plastics
Photo polymers
Metals
Plaster
Sand
Ceramic
Paper
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DESCRIPTION

RUBRIC
1.9.8
1.9.9
1.9.10
1.9.11
1.9.12
1.10
1.10.1
1.10.2
1.10.3
1.10.4
1.10.5
1.10.6
1.10.7
1.11
1.11.1
1.11.2
1.11.3
1.11.4
1.11.5
1.11.6
1.11.7
1.11.8
1.11.9
1.12
1.12.1
1.12.2
1.12.3
1.12.4
2.0
2.1
2.1.1
2.1.2
2.1.3
2.1.4
2.1.5
2.2
2.2.1
2.2.2
2.2.3
2.3
2.3.1
2.3.2
2.3.3
2.3.4
2.3.5

Concrete
Bio-materials
Wax
Thermo-plastic
Other materials
Secondary processes
Investment casting
Silicone molding
Urethane casting
Sand casting
Composites
Cladding
Plating
AM advantages over traditional manufacturing
Design flexibility
Ease of handling complexity
Speed
Reduced tooling
Supports mass customization
Higher sustainability
Ease of prototyping
Mobility of production system
Simplified set-up
Foundations of Quality
Input quality
Machine quality factors
Output quality
Finishing quality
AM INPUTS
Input Sources and Characteristics
Standard tessellation language (STL)
AMF – STM F2915 file format
MRI/CT scan data
Point cloud data
VRML
Creation of Slice Files
Concept of layered image
Use of triangles
Finite element analysis and output
File manipulation
File creation
Verification
Critical errors in STL files
Repair/Modification Post Processing
Software tools for modifications/corrections
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DESCRIPTION

RUBRIC
3.0
3.1
3.2
3.2.1
3.2.2
3.2.3
3.3
3.3.1
3.3.2
3.3.3
3.3.4
3.4
3.4.1
3.4.2
3.5
3.5.1
3.5.2
3.5.3
3.6
3.6.1
3.6.2
3.6.3
3.7
3.7.1
3.8
3.8.1
3.9
3.9.1
3.9.2
3.9.3
3.9.4
3.9.5
3.9.6
4.0
4.1
4.1.1
4.1.2
4.1.3
4.1.4
4.2
4.2.1
4.2.2
4.2.3
4.2.4
4.3

SECONDARY PROCESSES
Definition of secondary process
Investment Casting
Investment casting patterns
Wax tooling
Example products – investment casting
Sand Casting
External patterns
Internal cores
Loose patterns
Example products – sand casting
Die Casting
Direct tooling
Example products – die casting
Silicone Molding
Master patterns for molds
Tooling for rubber parts
Example products – urethane castings
Composite/Fiber Glass Molding
Lay-up tooling
Soluble cores
Example products – composites
Metal Spraying
Tooling pattern
Metal Forming/Stamping
Tool Use
Other Secondary Processes/Impact
Metal spraying
Metal forming/stamping
Jigs and fixtures
Thermoforming
Paper pulp tooling
EDM tools
AM TECHNOLOGY & MATERIALS
Stereolithography
Description
Applications
Strengths
Weaknesses
Laser Sintering
Description
Applications
Strengths
Weaknesses
Fused Deposition
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RUBRIC
4.3.1
4.3.2
4.3.3
4.3.4
4.5
4.5.1
4.5.2
4.5.3
4.5.4
4.6
4.6.1
4.6.2
4.6.3
4.6.4
4.7
4.7.1
4.7.2
4.7.3
4.7.4
4.8
4.8.1
4.8.2
4.8.3
4.8.4
5.0
5.1
5.2
5.3
5.4
5.5
6.0
6.1
6.1.1
6.1.2
6.1.3
6.1.4
6.2
6.2.1
6.2.2
6.2.3
6.2.4
6.3
6.3.1
6.3.2
6.3.3

DESCRIPTION
Description
Applications
Strengths
Weaknesses
Starch-Based Inkjet Printing
Description
Applications
Strengths
Weaknesses
Metal-Based Inkjet Printing
Description
Applications
Strengths
Weaknesses
Polymer-Based Inkjet Printing
Description
Applications
Strengths
Weaknesses
Electron Beam Melting
Description
Applications
Strengths
Weaknesses
AM DESIGN
Role in Direct Manufacturing
AM Design Strengths
AM Design Weaknesses
AM Design Considerations
Re-training Design Engineers
AM BUSINESS & ECONOMICS
Capital Purchase
Machine
Facility Build/Modification
Ancillary Equipment
QA System
Labor
Dedicated employee potential
Roles and shared responsibility
Skill level(s) required
Initial/On-going training
Materials
Build materials - deliverable
Support cost - consumed
Perishable cleaning materials
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DESCRIPTION

RUBRIC
6.4
6.4.1
6.4.2
6.4.3
6.4.4
6.4.5
6.4.6
6.5
6.5.1
6.5.2
6.5.3
6.5.4
6.5.5
6.6
6.6.1
6.6.2
6.6.3
6.6.4
6.6.5
6.6.6
6.6.7
6.6.8
6.6.9
6.6.10
6.6.11
6.7
6.7.1
6.7.2
6.7.3
6.7.4
6.7.5
6.7.6
6.7.8
6.7.9
6.8
6.8.1
6.8.2
6.8.3
6.8.4
6.8.5
6.8.6
6.8.7
7.0
7.1

Maintenance Costs
Maintenance/support structure
Downtime risk
Energy consumption
Depreciation classification & implications
Technology commitment costs
Cost of consumables/upgrades
Return on Investment
Percent of Utilization
Uptime
Installation costs
Employee turnover/re-training
Capacity/throughput
Outsource Economics
Vendor qualification/expertise
Expediting premiums
Loss of schedule control
Uncontrolled quality
Variable pricing
Cost of time to obtain quotes
Risk of IP leak
Diverse technology selection
Flexible manufacturing/vendors
Access to current technology
Distributed manufacturing
Production Cost Drivers
Volume (cubic inch)
Build height
Process selection
Layer thickness
Scan speed
Quantity
Material type
Post processing
Direct Manufacturing Production
Quantity sensitive
High value
Low part volume (cubic inch)
Mass customization
Design for process required
Flexibility in design
Support for secondary process
AM QUALITY SYSTEMS
Key Quality Factors
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DESCRIPTION

RUBRIC
7.1.1
7.1.2
7.1.3
7.1.4
7.1.5
7.1.6
7.1.7
7.1.8
7.1.9
7.1.10
7.1.11
7.1.12
7.1.13

Digital file configuration and control
Vendor management
Raw material management
Device inspection/control
Machine calibration
Preventive maintenance
Sample testing
Quote and order review
Production process flow
Consultation for “production ready” projects
Final part inspection
Material and system monitoring
Process file management

Appendix B: Sample of the Data Collection Method for part one of the study:
Additive Manufacturing / 3D Printing Postings
Title

Co.

Project
Engineer

Solid
Concepts

Material
Development
Engineer

Alcoa

Local
TX

PA

Type
Custom
Manufactur
ing all
industries

Light Metal
Research

Posting
Date
1.14

1.14

Degree &
Type
BA Industrial
Design

Ph.D.,
Metallurgy

Skills

Level

Rapid prototyping, quality
requirements, plastic,
metal, excellent
personal/communications
skills supervisor
experience. 3D CAD

1

Alloy development
experience across a range
of metals (Al, Ti, Fe based
alloys)

5

Experience in powder
metallurgy and atomization
processes for additive
manufacturing,
material development, IP
protection

Years
Exp
5-8

Pay
6570

Body of
Knowledge
1.8.8
1.9.1
1.9.3
1.4

3+

Ran
ge
dep
end
s on
skil
l

1.6.3
6.3
6.6.7
1.4.1

Q1 Type of Engineering Position
Position Manuf. Material 3D
Devel.
Print
&
Design

Process Applications Solid
Software Electrical Print &
Devel.
Works
Mold
Designer
Design

Project

Mechanical Systems

1
2
3
4
5
6
7

Q2 Education Required (Bachelor’s degree in)

Position

1
2
3
4
5
6
7

ME

MET

EET

PDD

Computer
Science

CAD

Chem.

IE

Business

Math

etc

Q3 Skills required (knowledge of which SME certification BOK #

Position 1.1.1
1.1.2
1.2.1
1
2
3
4
5
6
7
Q4 Number of years’ experience
Position
1
2
3
4
5
6
7

<1

1

1.2.2

1.2.3

2

1.2.4

3

1.2.5

4

Etc.

5

6

7

8+

Q5 Type of technology used
A. Hardware
Position

1
2

Binder
jetting

Direct
energy
deposit

Material
jetting

Powder
bed fusion

Vat photo
Projet
polymerization

iPro

Eden

Etc.

3
4
5
6
7

Q5 B, C, D similar to above
Q6 Use of AM Parts
Position

Conceptual
models

Form & fit
models

Functional
models

Final
product

Prototyping

Tooling

Etc.

Defense

Art &
Fashion

Manuf &
Industrial

1
2
3
4
5
6
7

7. Industries using AM
Position

1
2
3
4

Transportation

Consumer
products

Medical
devices &
products

Aerospace

Architecture

Etc.

Appendix C – Human Subjects Approval Form

Appendix D – Human Subjects Participant Informed Consent Agreement
Participant Informed Consent Agreement
Purpose and duration of this research:
This research will be conducted over the course of one month. The purpose of this survey is to
determine the education, skills, and abilities required to be successful in a position of Additive
Manufacturing Engineer. The items on this survey were developed after conducting a content analysis
of Education, Skills, and Training required per job postings for Additive Manufacturing engineers, and
training currently available in Additive Manufacturing. The survey is being administered to members of
the Additive Manufacturing Users Group (AMUG) and Society of Manufacturing Engineers RAPID
Group. By seeking the perceptions of this diverse group, the researcher seeks to receive a variety of
perspectives as to the requirements for Additive Manufacturing Engineers to be successful in their
positions.
Subject participation and duration:
You are being asked to complete this survey, which will take 10 - 15 minutes.
Risks or discomforts:
There are no anticipated risks in taking this survey. If you wish to discontinue your participation in the
study, you may do so at any time. You can also choose to not answer any of the questions on the
questionnaire even after agreeing to participate.
Benefits of this research:
You will not directly benefit from participating in this study. The outcome may result in new educational
experiences and perhaps a certification process to ensure that well prepared Additive Manufacturing
professionals are available for this increasingly important area.
Dissemination of Research Results:
The results of this study will be presented within the Eastern Michigan University (Dissertation with
final results) and will be submitted for publication. The study is conducted through Survey Monkey and
all information collected will be stored securely by Survey Monkey and by researcher.
Confidentiality:
Your responses will be kept completely confidential. We will NOT know your IP address when you
respond to the Internet survey. Your names and email addresses are not collected as a part of this
survey. Please go through this link for more Survey Monkey security related policies.
http://surveymonkey.com/mp/policy/security/. All data will be stored in Survey Monkey or on the
researcher’s password-protected computer and within password protected files.
Voluntary Participation:
Participation is voluntary. You can choose not to answer any questions or to discontinue your
participation without penalty or loss of benefits to which you were otherwise entitled.
Statement of Consent:
I have read above provided information about the research study and the content and meaning of this
research study are well explained. By selecting the ‘Yes’ button, you agree to participate in this survey.
If you do not wish to participate in the research study, please decline participation by exiting the
survey.
If you have questions about your rights as a participant in research, please contact the Eastern
Michigan University Human Subject Review Committee at

human.subjects@emich.edu or 734-487-3090.
Contact Information:
If you have any questions or concerns regarding this consent form, please contact:
Researcher:
Renee Colletti
Ph.D., Student at College of Technology, Eastern Michigan University
rcollet1@emich.edu
Advisor:
Dr. Dan Fields
Professor at College of Technology, Eastern Michigan University
dfields@emich.edu

Appendix E – Survey

What Skills, Education, and Abilities are Essential for Additive Manufacturing
Engineers to be Successful in their Positions?
Instructions: Please respond to each of the following items.
Survey Questions
Demographic data about person completing survey
1)

What is your current job title with the company?_____________(open ended question)

2) What is your highest level of education?
High School or less
Post-secondary certificate
Associate degree
Bachelor’s degree
Master’s degree
Doctoral degree
3)
4)
5)
6)
7)
8)

How many years’ experience in your current position? _____
Overall professional experience? _____
Full-time work experience do you have? ____(enter numbers)
Location of company - State – (pull down list).
Size of the organization (number of full-time employees at your location?)___
Industry Type? (Check box next to type)
Manufacturing & Industrial (SIC CODE 20-39)
Transportation – vehicle – all types (SIC CODE 40-49)
Consumer Products (SIC CODE 52-59)
Medical (SIC CODE 80)
Aerospace (SIC CODE 45)
Defense (SIC CODE 97)
Architecture (SIC CODE 15-17)
Art & Fashion (SIC CODE 72-84)
Other (Specify)

9) What impact has Additive Manufacturing had on your companies’ business strategy and
organizational structure?
1) None
2) Some
3) Medium
4) Major
5) Critical

Primary
process

Frequently
used

Often used

Never used

Application

Occasionally
used

10) What are the Additive Manufacturing applications used within your organization? Please rate each
application listed on the scale provided.

Prototyping:
Tooling
Design
Part manufacturing (production)
Tissue/Organs
Orthopedic Implants
Other (specify and rate scale of use)
Next, please answer the following questions as to your perceptions of Additive Manufacturing
Engineering positions

Exceptional

Average

Few

None

Type of AM Engineering
Position

Above Average

11) How strong do you believe the demand is for the following types of engineering related AM
positions?

Manufacturing Engineer
Tooling Engineer
Computer Engineer
Electronics Engineer
Materials Engineer
Customer Liaison Engineer
Design Engineer
Research Engineer
Other – specify and rate
12) How important is it that the AM Engineer have the following level of education?
Level of Education
High School/GED
Associate (2 year) degree
Apprenticeship
AM Courses (credit)

Not
important

Limited
importance

Neutral

Somewhat
important

Critical

AM Training (noncredit)
AM Certifications
Bachelor’s Degree
Master’s degree
Doctoral degree
Other (specify)
13) How relevant are the following degree types to an Additive Manufacturing Engineering
position?
Type of Degree

Not
important

Limited
importance

Neutral

Somewhat
important

Critical

Mechanical Engineering
Mechanical Engineering Technology
Material Science
Chemical Engineering
Chemistry
Civil Engineering
Architecture
Design
Industrial Design
Aerospace
Welding
Manufacturing
Manufacturing Engineering Technology
Math/Science
Physics
Other (specify)
14) What future degree or certification should be available for Additive Manufacturing Engineers?
_________________ (open ended question)
15) Is there education or training requirement that a majority of Additive Manufacturing Engineers are
lacking? If so – what? _____________ (open ended question)
16) Please rate the importance of what an AM Engineer should know with respect to the following skill
areas:
Skill Area

Topic

Math

Algebra
Trigonometry
Statistics
Calculus
Chemistry
Physics
Biology
Geology
Written
Speech
Teamwork

Science

Communications

Not
important

Limited
importance

Neutral

Somewhat
important

Critical

Material Science

Manufacturing
Processes

Tooling

Management

Experiential
learning

Quality
Improvement

CAD

Intro to Material
Science
Metallurgy
Plastics/Polymers
Ceramics
Machining
Manual machining
CNC
Casting
Plastics Processing
Forming
Welding
GD&T
Foundry – sand
mold/cores
Stamping
Jigs & Fixtures
Injection molding
Silicon molding
Other molding
Powder metals
Engineering
Economics
Process planning
Benefits of AM
Project
Management
Estimating
Cooperative
Education (1-2
semesters)
Apprenticeship (1-2
years)
Apprenticeship (2-4
years)
6 sigma
Critical Thinking
Problem Solving
SPC/Process
capability
Lean/TQM
ISO standards
ASTM standards
Design of
Experiments
Teamwork
3D solid modeling
Surface modeling

AM Applications

AM Processes

STL file repair
Prototyping/STL
3D printing/Build
Setup/Slicing
Reverse
Engineering
Finite Element
Analysis
Product Data
Management
Tooling
Prototype
Part manufacturing
Design/Mock-up
Material Extrusion
Powder Bed Fusion
Binder Jetting
Sheet lamination
Material Jetting
Vat Polymerization
Directed energy
deposit

AM Technologies
that support AM
Processes

AM Post
Processes
Design Concepts

Software

FDM
SLA
Z-print
LOM
Objet
LENs
Metal LS
Metal EBM
Plastic LS
Surface Prep
Clear/Color/Paint
Intro to Design
Design for Manuf. &
Assy.
Microsoft Office
Solid Works (CAD)
Rhino ( CAD)
Autodesk Software
(CAD)
Pro E ( CAD)
NX/UG ( CAD)
CATIA ( CAD)
GED Magic ( REV)
Innovmetric (REV)

Materialize (STL)
Corel Draw 3D Print
Artois
Magics RP
Other list and
rank
Experience
17) What level of experience with additive manufacturing/3D printing should an Additive
Manufacturing Engineer have in order to be successful in his/her position?
(1) No experience
(2) 1 year or less
(3) 1-2 years
(4) 3-5 years
(5) 5+ years
18) What level of experience within the industry in which an Additive Manufacturing Engineer is
employed is necessary to be successful in his her position?
(1) No experience
(2) 1 year or less
(3) 1-2 years
(4) 3-5 years
(5) 5+ years
19) How strong do you believe the demand is for AM Engineers in the following industries?
Industry
Manufacturing
& Industrial
(SIC CODE
20-39)
Transportation
– vehicle – all
types (SIC
CODE 40-49)
Consumer
Products (SIC
CODE 52-59)
Medical (SIC
CODE 80)
Aerospace
(SIC CODE
45)
Defense (SIC
CODE 97)

Not
Important

Limited
Importance

Neutral

Somewhat
Important

Very
Important

Architecture
(SIC CODE
15-17)
Art & Fashion
(SIC CODE
72-84)

